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The rare and little known elem.en\, aelenium, l>eeama 'the obJect of 
tntena1 ve research when 1t vaa d1•coverea as tbe c,auae ot a ll)"Sterioua 
d1aeaM which affected livestocll in certain a;re,aa or tbe Gre&t, P1&1na. 
tn \be course ot studying· tbe cau-se:a end ettee-te of thia �U•aae it vaa 
found that soil• d:er1ve-d troa certain geo1og1eal formations eoataiDed 
l 
tbi,a element wbieh was a•1lable to moat plant.a. nieae plant.a often 
contained a au.tticien.t c.oneentr&tion of seleniura to be tone wbea consumed 
by livestock. As a result,, its presence has caused eouiderable econoaic 
loss to farmers and raocbere 1n the att'ec'ted areas ainee moat apeeiea of· 
dome-stie Uveatoek are attected. 
so-acute or acate. fte chronic type which 1• tbe moet prevalent 1n 
South Damta ia commonly callad Alkali D1se-.e." llaXOD (29') baa 
SliUIIU,l'·tzed tb.e gener-al symptom& of the chronic type. It 1• cbaraeteris.ed 
oy ( 1) dull.nea• and laek ot v1 tau ty, ( 2 )- euciation and rough bair coa-t, 
( 3) atropby ot tbe heart ( <l1sb reg heart), ( 4) atrophy and cirrboaia o.t 
t.be liver, (5) el'O.aion or the long bollea, eapecially 1B the joints which 
c·auae a't1ffA•t•, (6) lose ot \be long baJ.r tro11 tbe ·mane and tail ot 
horses, from the awitch 1n cattle, and la: g b&ir in swiae, and (7) 
aorenesa and si.c.uptng of the hoof . 
When the cause of "Alkali Diaeaae• vaa d1aeovered to be aeleriiwa, 
considerable ef'f'ort was directed towards t'lnding an ettect1ve preventive 
. k'":, 
age-nt.. '!be preveutiv agents .found sue satul vtth laborator7 animals 
and swine have not provided the desired protection in beet' eatt,J.e. They 
a 
bave e1tMr failed 1n t.he prel1m1nary teats or they are 1mpract1cal . 'lbe 
field te•tin& of taese pre,veative agents �or rana beet cattle baa beea 
conducted at the Reed llaaeh .-.stat.ion located 1a known aeleai:te•roua 
of these apat-s wu .not completely effective , the aelealua atudle a  were 
d.1rected toward 1nveaUgat1Dg the poae1o1.Uty or •reed.in& to.r real.stance . 
'fo compleaent tbe bree41Qg ·atwU.ee at the Reed Ranch station, a · .. 
seriee of pilot. stud1ea with. '1Dal1 animal.• have been initiated at the 
. Bl'OOkiDP -station . flae obJeet1vee ot tbeae studies are to gain experience 
bl working with thia problem.,. to attld.y t:be ef'teet:a of aeleD.iwa on repro• 
duct1oa, and . to obtain 1af'ormatlon on tttteetive breeding puma .. 'this 
low co•t wb.il.e applleat.1on Gf the reaulta. to the bee1 cattle a�Qdte.1 •Y 
1ave coatly errors 1D el� the breeding progaa or the aaal.yeis ot 
tbe d.ata o tained . 
The experiment, diacuaaed berein were conducted vi th the triu t tl.y, 
DroaopilA ael!!!e•i.r .  �• speciee lend.e 1'tcaelf' very we11. to a study 
of tbia nature a1Dee it baa a ai»rt pnerat10G iaterval, p�uc.e,a a large 
nuatber ·ot oft9Priag and 1a beat uo11n pnetic&ll.y of the oiae¥Ual, orpnMDa . 
The lav·a ot beredi ty vhlcb have bee.a daa:>aatrated to. be nearl.y 1cient1cal. 
.; 
la all eiae,xual species were to a large extent toraml.ated trom •s-tuciie 
w1 tb !. • ntelaaOP!'teJ- . · 
The objectives ot tbe e•x_periaen p;reaented herein are aa toUow• i  
( 1) . ·* To atud7 tbe •effects ot· different concentrat.iona ot 
aeleaiwa on reproductive perto-naance . This vas nee.eaaary 
111 order -to determine vbat concentra'tions of' a,elenium 
ul4 
( 2) o et.11rilld.llta 
in aub .. (luent ex,er ott . 
11&tural v&riati.oa 1• be d1Ml'y 
1 't ctn be \ltiUMd 1n breediQI fGJ' · elalaaC••- tf.be 
3 
1f 
nq,1<11 ty in Vld.ch !».Merta MC- n•1•t.aat. to lUIIC't.1c1 •• 
U, o · �tion Of YV1at,10Q. lll aucept.iblU.ty Of 
Jaboratoey ·· Saal• to •len.iua in eontNllAtd. •.a JtiMD� 
...,,_ 1\ de•tnl>le to • nine U. t•u1Dtlity ot· 
ut.1Uslq tb18 varta•ton 1D ..itc�lll.& f &Jt n11,tar1ce , 
( 3) Ina Nla'tsi.OUhill of rea• 4Ut•NU•• 8li Ntl18\UCe • 
TbtN ue lm1oat.1oaa � vart.tlon lD nai•tanee be\weea 
Uftezeat lH'tltllda. of ni.Dlt u4 •• tMl • 911- ;ur»o• ot 
t.hia t-,..r1-n aa to · •tel'llliDe 1t t • 1tteffll0et 
bl IUIOel)tt iUty are the ·n•ul\ o'E IIOQbOlo&ltal Uter•• 
no a VbiC lden'tlty & )VtiO\llar l'M 01' l>ned. ot 11 • 
e\oca oS' u -'At• w.r1a-t1oa 1• 
41ttenmc•• ..,na •al»er• ot 
(4) 'Ila rel&t , Ni» or •• io reaJ.ataaee . flw are 
1nd1o•UOA• tba\ a x ltfenDN -, exi,� 1a l>eet 
oat.tie • 
" · rely tbaD ova . flit eni•ne• ttl'OII ia•otlc:l 
,.,;. 
.. x dlttereao • are in41oat.a, . 
( 5 )  'lo o'bt&ia ·•-tima • o� be�ltabtlity of i-eliatuoe . Tbe 
.,. 
�QliV of il.1 :I· 1• ot tun4 nVJ. ia,ortmo• 
1a u\ill&J.aa · · re ul • of 
, · .:ffect .of Different Levels ot Selenium 
Iarly '8ttl.ers 1n certain area• o� South Dakota Mported the 
p:re.aenc:e ot a mysterious dtaeaae, .rtectina their Uveatock • It vu not 
4et1nitel,' eata.bliahed until the 1930 ' •  that tbe e lement aelanium vaa 
re•pons1l>le tor vhat. is commonly imown ae "Al&ali Di,,.._ , "  .since then 
1 t has been :round that levels ot eelen1um between 5 and 15 p . • p ••. caliN 
the cbar&cter1at1c •ymptome ot tb.ie d1•eaae • 
4 
l'nnu ( 12) ted aample of corn t wbeat ud. barley trom part,1cul&r 
loea.Utte.s to 325 white rat• •  . !beee aam;i.ee ctauaed tbe o.e•tb of 299 ot· 
tbeee rat.a within 100 4ayt . � pat.bol.ogic&l &J'dlPtom• exh1bi.te4 were 
rapid losa of_ weight , reatrioted tood iat&ke , hunched poeture , rousJleaed 
tu:r, •tatning ot the tur &r0und tbe geni tale, �•1• ot tu hind lea•, 
necrosis ot the llwr , 8D4 lowered beaoalob1n lewl.a . 
len1um ad libi t"'1 - ............ .....--
to "-t.e tor • period ot 359 4ay,a with the tollow:1ng n•ulte . At 22,3  
p .p .m. tbe'N were tola •\lrVivoi,a ,. at 33 .5 P •P ••• oae av.rvtvor ,. 6n4 at 
52. l.  P •P •••  all rat,a di•d 11 days after the treatment wae bea-n . lbe 
symptome exhibited 'W'ere elmilar to t,bo" irodlieed 'by tblt aatunJ. plant 
toneant . 
Jr. 
MuneeU et al . ( 31) found the threehold do of aelenl\1111 1n rate 
to be between 13 .0 and 18 . 4  p ,p ,ui .  ae 1um . The cond1tion of rat• 
·* 
receiving 18 , lt,  p .,p .m . aelen1um resemb .· : tboae receiving a diet contain• 
1ng 9 .8 p .p ,m . selentum . At tbe 8.7  p .p .m .  concentration, growth vat 
stunted and very few young born , At tm 6.6 P • P •  m . level., no young 
were produe•<i in the eeoon · ·oerat10n . At ). .0 P •P •• • ·lard.um , there 
was a slight effect on reproduction, bowever, grQVth appear.ed to be normal . 
lo deteot&ble ett'ect on either growth or nproduct1on vaa tound. at tbe 
1 ., P •P ••• level . l'beM work.ere to\Mld wbeat coiitatmag ·selenium 1n a d.ie-t 
tor rat-.1 bad. • detrimental. e:tteet on · ar,owth and nproductiQn 1a d.ireet 
pro»ortlon to the amomt of · laniwa provided . 
A b1gb corn,lat1on v. e tound by Franke •t al. • ( 17 ) .betw .en toxici t.y 
and teleid.a content baaed o.n t1w re ·ult• ot· t•41n& 38 eelet11teroua 4tet• 
to albino rat, . A natr1ct1on ot food tntake wu tound bl every 41•� 
tratlona ot lea• thu 5 » •P �•· ae.leniua in tbe d1eta re•trloted normal 
·-< 
p-owth. 
Po,ley et !!:• ( 34). , . tudying tbe ettectca· ot va,-10-ua levela o'E 
M:lanlum 1a ,Oultry, repoi-te4 chicks reeetvtnc up to S p ,p .. · •  "len1um 
1n tJleir 41ete grew •• rapid� aa tbon reoe1v1ng ao ele.llilP in tbe1r 
dieta . But 10 p .  p .• m .  ee.lem.• 1n the atart1n;g rations re4\\Ced. growth 
arudly toxic . o· f . ct of 5 to 1t. 
p • p .m • eelft1wa waa to\&04 1n · pull.eta noai og tro.m 3 to 24 tt , of age �  
ttbe etteeil of •lenium on reproducttoa. baa CQD8lder&blA. e.conomio 
slgnU1e-.nc• . lt baa en �po™4 1n poultry that M1eB1lJDl reduce• 
,; 
batcbabtlity and naulta in the formation. Qt detorMd embryo• • :In mtanal.a 
it baa been tound that t -3-ia e.ppuently mor ·Nnlitive to the 
etfeet ot ,aeleai then tbe -.ie ,  and evidc,nce ba8 been reJ?,Orted ot 
* 
eelenia paaeage through the t t&1 membrane to the devi loping young ,  
ln the aid 1930 t 1-nv•atiga'-lon oE tbe e·�feet o., eel.em.um on the 
batehabiUty or tert1le hens ' egg was begun by South Dakota work.era . 
Pranke and tuUy ( 14) tound 1, percent ot the ega obtained trOll bene 
rai·s d 1n the atteeted area.a whieh f'a:Lled to hatch on the twenty-first 
day contained detormed embryo • tater, Pruke and 'fully ( 14) proved 
that these 4.etormed eabr)'Os were the reault ot selenium b1 tee:diq grains 
eont inlil& selenium to hene of a llnovn stook . hanke et al . ( 15)  were 
able to p:roduo deformed embryos aimU.ar to tho•• prod.1aced naturaU, by 
11),jeeting selenium aalts into the atr eae of tertile hens ' egga . The 
greatest number ot &bnormaUtiea waa obtterved 1n coneentrat1ona of 
selenium ranging from o .6 to o .,8 :p .p .m .  aeleniwa. Above thi · level 
development was ntirely prevented , an4 'below this level a greater per•· 
oentage. ot normal embryos waa Qb erved. ;, . -
!be etud1•• ot tbe et •ct ot aeleniwn on repred\10t1on tn memaala 
�ported thua tar have been eone•rned w.t th ra\e . BoNnfeld and Beath ( 36) 
adding aelen1m concen'brat1on.e ot 1 .5 ,  2 , 5 ,  an.4. 7 •5 P •l' •• ·  to the <lrinldJ>.g 
ter of a Wi•tar at.rain ot �it rata atf'eoted repX'Oduct1on in proportion 
to the amount added . !be coneentrationa ot l. .- 5 and a ., p ,p ·•• did no.t 
aft, et reproduction tor two generation.a; how.ever, sub uent reproduet·ion 
w a affected oa the 2 .5  P•P•  • le 1 .  The coneentratten of 7 , 5  p .p .m .  
prevented repl6Qd.uct1on iQ tlae remai. but d1d not att c t  tbe tert:ll1ty ot 
the male !k Westfall et •l • ( 43) toUDd evl4enc - of pl.ac ntlil tn.na:Lealon 
. � 
. ot seleat.um. The tetune ot te t, d orpnic lenium -which contributed. 
28 percent of the d ' a body weight store · a))out 14 percent ot her 
eeleQ1um. 1ntak.e . There was no evidenc o-r. detormitie aa reJ)Orted in 
8 leetf.on · d Be1i1tuo-e w 8eleni 
1 
'lb.e result. ot n · roua studies ot resiatance of insect to 
cbelnical poieona and to a les11er degree d.iaease ree·1•tuce 1n poultry have 
ind1c•ted coneiderQJ.e WA-riatun ta the re1latt.nce elChibited 'by -an 
unselected population to tho poUon or dJ.naae 1n question . Theao etud1-e 
have demoQatrated t.hat thta ver-1at1on can be uttUaed 1.n proa.uc1.ng progeny 
vhieb exhibit a greater degre of reai tanoe than the mean ot the popu• 
lation from which the nat•tAurt pannt a  were selected . Jlol)&haaq,y ( U) 
iaterpreta the a,ppea.nnce � Dt1.f reeiatant atraintJ or lloUeetU•• ae the 
re.sul't ot the popt1le.tien belng a IIWl.ture ot relat1vely res-iat.aat ·and 
noa�•1atAnt genotn-e vtth the lattier l,aving a aelect.tve .a.veatage in 
the ai,senoe -of DDT .  Aae•t.ng parallel lltuatl«i in other l>1aexua.l 
o�gan11ms , it would 'be �•1ble t;,y aeleotion ot reaiatant gqotnee to 
d ·monetrate a e1m1l.ar tnerea , tor eumpi. , 1n the N·lietance to 
s lenium poieoniag 1n beet ct.ttJ.e ., 
'Iba source or these rea11ta.nt pnotypee may be t.imU.ar• to thOae 
observed. in the re•11tance ot m1croorpni111a to atibiottoa -4 becte:rio• 
phage•• Luria and. Dell>l"QCk ( 27) t-ound re11atant. baoteria 1n a V1rwr 
au. ceptU>le strain Wbiob ·bad &r1Nn by mu�t1on ind pea<leat Gt the 
vuu.11 . . wa , 1 t would be expected tbat 
all 'b&cri.ria would vi nt.ua.Uy become ree11unt t.o the bacteriophage in 
question . Boweve·r, Ande.racm ( l) haa demonatnted that reeiatant etraina 
o� bfleterla re'1lln the ,..Mnee ot ce1 1n. aubetenoe whiob i• not 
. 1r 
quentl.y, select.ion keeps the 
frequency of the re-siataat bacteria at a very low level when tthe 
8 
tbe :reeulta ot Dllf re•t. .atuc• 1tuo.1•• v:Lt,h !• ... , ... t.er 1n4&ce.te 
that proo•• • in the developaent of retlatanee 11 �pend nt upon the 
eelectt.Qa preaaunt to which tbe JlQ;pulation 1, aubJeeted, but the reapon 
to t.hia selection vartea trom etralD to • tnu. llua J)benoa non bu led 
aeve:r-1 wrkfJr• to oonclude that reai·■tance to .DJI 1-a 9)verned by • 
complex polygenie ayete• re;the� tbM 'by • aingl.e or a tev gene·• . 
ONv ( 6,. 7 )  fol.111d that. aenea tor BJfl reaJ.atanc•• ·are 1nlt1aUy very rare 
1n ti. population .,, e1nce • contJ.auou·• but accelerating imreaee 1n reaiat• 
mice wa• obeerve4. Iba autbc• c.o».cl.uded t:bat gene• t:or 1111 reaiatanoe 
are not initially adven�••, otherwt.ae the :population would b&ve been 
n.aist.ant . nna ( 21, 28) toun-<1 • 41ttennt1al r.te,ponae between two 
a .tre.tns o� !• �?-aaop•!,r to three l•ve1• ot selAtot1on illtenaity tgr 1)171 
- . ' <  y 
rea,tetanee . One stock eXldb1ted no nepoDM , wbereae tbe· other ■tock 
teve1o�4 an 1nere... 1n Naietanee vbieh vu t• sreateat •t the lowat 
level ·ot selection 1nto.•1�Y! Oro•ee• between t.heae two Une• gave r-1 
ad ,3 progeny or lntetmed.1ate reaiat.ance to the paratfal etocka end 12 
fNPDY whteb exbt .  1ted. 1-•• i-e iet.nce cid more variance. .  X:t vaa eon• 
elU4e4 from thct" n.aul.�• t�t. tb8 re•1•tant • t.�ln• -4 been developed 
by the ooneol1�t1on ot pc,lypDic factor• vhieh are IM>'t 14. nt1ca1 in 
in¢ pendently developd ei.ralna an4 1n wb1oh the conetttuent tactore are 
not a1mply .additive . 
Mienel ani tln4erh1U ( 28) found -tllat tbe abtUty of !!.• ¥l.anOP!ter 
to Ncome more r. aiet·ant t.o DDT was rel.ate� t.o 'the UOWlt or genetic 
,# 
vv:luility 1a the orig.ta.al ;population . · 1- 'Jhe development o� neiataac 
wu- 4ireotly related to the Mlec'Uen intenaity . The hiflber oonoeatr•tS.on• 
mo:te rapidly � the tiret t, w montha c>t ae1eot1on , lach atock tended 
to ba� · a •omewbat tifterent level o� N•:Latanee , eiQ.cee to• ot the oon• 
tro.la differed trom one •otbe:r � tbe N i&tant etoekl . 1t10 d:lttered 
from on• another u U a tNm the ce.ntrol atocu . Iba level.a ot 
reeiatance d1d not remain •�1,o. . 
Jl&c:e Ditferenc-•• in lee1atAnce 
At the preeent tbae there an :Lndioat:tona tbst a nl.ationship may 
e:d&t between eoat color and eel.entwn r a11teol e in be -f eattle and avia. . 
Attem»t• to correlate c �tAin mo�bolopeal, enzymatic , pb¥e1olog1cal 811d 
behavioral ditterenc•• with DDT dtletarlefa or auacepti'b111ty have not 
been entirely aueoe · atu.1. Jn eome eatea the correlated reapon•• have 
been tound 1n traite otbei-- than thoee ulected . 
Color· dltterencea 1n ·aelen1wa euaoept1b1:Uty 1n beet cattle ·Ud 
nine have b n reported . D�l. .-1- al . ( 10) report the tre9.Ueney ot 
obeervation 1n both xperiment t.tatS.on .fNld pr1 vate herd a in wh1ch · darker 
colored anim.ale exhibit ti wer yzaptoala ot ael.enim told.city thN1 lipter 
ooiol"ed •Ulll.•. �•trom , t ft• ( 42) , atudying the ·ttecti •-•• ot 
� Ue aoid in preventi-s ay,nptoa• of aelen1wn toXic:itT 1a Spotted 
.Duroc bree4a ot awtne ., tound that Duroce 
. . 
eXhibited the moat eevere ,ymptom,, wber.•• the Spotted Poland China 
� breed did not exhi it · e.oy v18·1ble IY!AP,toma o'f to¥ic1ty. 
The. inetanoes of JbQJ"pbolog1eal, phy1tlologio&l, eniymat1e and. 
� 
e•navtorel. .c11ttennce.a to\lD.4 bet en llD'lk •1atant 81.\d euceptible liaee 
ot 1naecte .are prol»ably of ne aip.1fieanoe but rather • proper-tie• ot 
the dit:ti ·r nt Unee teated , 
oxygeu c<,nsUQlption with moi-tality reaponM 1n thre . . Dl1l reai•tant en4 
.ueeepti'ale t�•1ne ot tioueetlle • Conaiderable variation 1u choliD• 
ate� activity w-.s pre · at betwe•a tbe &\laCeptible Un.es . fbe ditter·• 
ence 1n oxygen cei,.•�pt1on v · ta't1stic•Uy aignUieant when one euacep• 
tiblB nrain was ooa� with on na1etant ttnin , 'but the dittel'9ncee. 
were, not sipit1car,.t whea three ,wsceptible atrata• were- c� vltb 
three re.,tetant -stre.tu . 
A tudy ot behavio:re.1 factors mtM.io by Sokal and 11\1.nter ( 4o) 1n 
wbioh they •electe4 tor 1)1)1 :reai tant train of !• . �pate,r, on the 
basis ol eent:rel or peripheral p\\Pf,lt1on <lid not show a p,rt et corNJAtiOn . 
they f'etll'ld t,he reeponee of the con-elated trait lam� one generation 
b hind the S( l.e,eted t:ra1t - fbe1 8Uf18 st mo,U.tytns g o • for tbe nleeted 
ua.1t tended to nbanc t - correlated. trait 'but not the· N·lected trait. .  
A detail · i-pbometri.e _anaJ.¥•1• ot 16 cbaracte:ra 1n re iataat end 
no.n•reai, tant houeetl1 
utanoe was not cor:rela 
studied . They euggeat the l60Jl or morpboiegic&l con.lat a • tram tbe 
f'a«t th t the d1tterut ay tem · ot t>UI renetano ha «valved betw n 
dltterent atratn• ·  
'!here are 1ndicat1ons trom J)J>r r aiatuce atudtee 1n !.• EP••r •. I 
'that the .en or pnee which cont r re·eta\u.o.e may be 1n cloee aaaoeiet1on 
with th · ne e rea,onaible tor vi_ ible obafaeterlet1ca .  Tav.Juunoto and 
Ogaki and Ogaki aa4 talll'anoto cit d by \ealt ( 29) toWld trom backcroa.•• 
or a Japanese tr 1a that one or ver · l gene . tor reaistance were Unu:d 
near the Veetigal ( vg) gene . In another Dl>'I :reaiatant strain, they tound 
tbit gene cone, ro with resistance locate t about 70.SO on the second 
c.hroaoa()m.e map aear the Ve tigal ( 67 .o·) l,O.d Scaborou.• ( 66.1 ) gene• • 
Sex d eaistanee 
u 
Tbe·re ce 1nd1eat1ona of a aex diff' rence in tbe . · acepttbility of 
beef eattle to ael.enlwa pot DiDS• S�udiee o'I 1)1)! net taoc la in ct .. 
tnd1c·ate both ••• are 4.ually reai.1\8.Dt and. contribute en •-iual llllOwit 
o'.t ree1atence to their p�. Some aNtbors, boweve�.,. . report evide.D.Cet 
Of mate:nal. e-tf'ecta b'lt concluded that .. u, 1 inkaae la not bvolved . 
Dinkel et fY.• ( 10) ntp)rt one ot the �· la Which NlM.liWI 
J01aon;ing cauaea -trouble tor the J'1111Cli.Clr � • t.hat o-r et'iJ>Plina tbe buUa 
to t� egtent tbat they oar.mot cover their pastures . It appev• that 
the: bulle are often •� aeve.Nly crippled t.bNl the cow• • ·Thi• may be 
the -N•ult ot a sex 41tterenoe 1a e.uac::ept1b111ty or the reeult of the cow 
herd having been ean1e4 on @eleniaed pUt\lN• tor a long enough ti.me to 
g1ve the operator & ehanc• to ae-lect. tlle more re11a'tant temale• •  · · 
the resul.te of rectpr-ocal oro••• be'tveen D11f re•1•te.ot and •uacep• 
tible ,tnue ot boUHf'liea .-de b7 aan-1 . .on ( 18) lbow t-he , 1 propn, 
were laaa r•• t•tant t-.n the parental etodla, aad the Jierfo�• of the 
1'2 propny wae at1U mare netemcenou1 .  �•• Naulta were i.DterP"ted 
•• 1n41e•ttna multiple factor inheritance with no e,videnc• tor aex lfnki·•P • 
Borton ( 32) studying the 1nber1 t�e ot WI Nelstaace in the b.ouM• 
fly found tb&t .t'ter eight moatha or 1:nbrettd,lng aU atMba ahoved a 
,,,. 
mu-ked d.,ecUne in reeiateaoe . J11brid1zat1oa ot "\he reaiataat and •uecep"" 
t1bl.e •tr&1na &'tteauat d tbe level or �•1•'te.Qce . A;pa.rt trom ta actual 
level ot til.1al tolerance exhibited , there wae no dltferenee in the pattern 
ot re, 1stance transm;i.saion ,  whether e ting from crossea Ntw en two 
r siatant strain or betw . n  a resistant and auaeept1ble strain . Wben 
the progeay ot oroa1e1 'between reaiatant and aueeeptible strain• w re 
backcroa,aed to the reatatant parent, tbe level o f  re11atance in tbe ott• 
epring was progree •sivly 1nere ae by each backc roas. A nearly eymmetr1e l 
ivergent pattern of re- atance · vol Vi d fros eimilar backorosees to sus• 
ceptible par nta . !here. w s ev1d nee 1n the croaaea that female parentage 
had more influence than male J&Nntage, yet this was not considered as 
evidenc tor sex 11.nltage . 
Crow ( 7) , studying the resistance ot hybr ids between r aiatant 
and susceptible strains of ! , . lanopet4ir, fOUDd aome dominance in s .nee 
q 
tor rettistanoe . The ae· teats 1nd.1o ted tbat the maJori ty of the variation 
1a contributed by the autoaomee . Sex linked and cytoplaamic factor• 
appeared to play no part. 
However , JobnSQn et l:· ( 20) concluded th ·t DD'l' reaistance in the 
ho\l••t1Y 1a apparently under genetic and cytoplasmic contro,l, v1th· the 
cytoplasmie contribution under genetic control . The :reei tanc ot the 
housefly to Dl1l is dopen4ent to a luge extent on tbe naiatance of its 
dam because or her relatively large oytoplaemic contribution compared to 
that of the male . 'lhi was not eonei ere.1 aa •V1dence tor aex linka.p . 
Pimental ..Ll,. ( 33), studying the gen tic baaia ot DDT reaiatanee 
.s,.. 
1r.l the housefly by inbree ing an rigid aelection, did not obtain 
homogenous population. The proaeny pr uce d  from mating,& between rea1at• 
ant and susoept1'ble parente were 1n.,....-... _ 1n their resistance to the 
parental etocka.  Tbe authors el.so reported that the female parent 
influenced the reeietanc o:t the progeny to a greater extent than the 
mal: but concluded reeiauance was not sex linked . 
13 
lusvine and Khan ( 4 )  tea ting tor BS re sistance in the bouaetl.y 
by reciprocal ,matings betwee n two inbred linea , one. higbly resistant �d 
the o�ber highly suaceptibl4, found that tlle re e1stanc.e '1f the r
1 
propny 
wae 1 nt.erme4iate to 'their pe.Nnts and tbe r
2 
progeny were more vvtable .,. 
Lerner ( 24) diaeuasing the importauoe or mate"-al etfec-ts in 
poultry conc luded �t. tbey- may p]Ay a significant role . Maternal ettects 
may not be as great in eg � organisms as in nwmmal.e, but t-bey do. 
contribute s 1pit1eant.l.y to various tr.alt• eince the- nu-tr1enta supplied 
by a given dam to a eucc,e11ive eerie& of •ua may sbow qualitative or 
1uantite.t1ve dU1terence .1 from tho·ee produced by -another dem . When 
me.te·nal etf"e<?te ar important, progress ade by seleetion may be reduced 
- -<" 
in that its net ettect is to reduce ber1 tability. 
ler1tab11lty ot Beaietance 
The criterion uaed to meaeure resiatanc.e in thie study waa the 
n:waber ot ottepring produce d  :pctr te•le parent. Con quent}.y, tne · 
e •tu.ates obtained b rein may reflect ea prod\f.ct1on ra.ther t.han selentum 
resi-etanoe . The literatwe l'f!Portin& tJe:r itabiUty o·t .a production 
indicate this tra1 t ie higbl.y heritable . !'be po-eaib1llty may eua-t 
t.ha-t tbe mechanism ot dlN& re istanee ie simi.la.r in · reepecta to 
the reaistu.ee ot a chemical. ;oil.son . The · 11 terature on studiea or cliae 
ree1at$noe 1n poultry · indioat s low herit'1>111t1ea .  
Lerner -( 24) , summarizing the avail&l?le -ata obtained trom atudie 1 
o·r the beritab1l1ty of egg produetion inl-poultr;y reports the majority of 
the eetimates range from 0 . 30 to 0 . 35 .  Shottner ( 38) reported an e stimate 
ot O • 34 baeed on data obtained from 751 dam-daughter comparison& using 
1 3 4 1 5 3 Sc i - , ,, . .  I\ · u l ,  Un , H.1 1 A I I  1 i  I ' ":: l?l\RY - '- : �i l 
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re.ported a a1m1J.ar atim&t · usin a m thod of intra�laas eorrelation• • 
lAtrner and Crud.ea ( 23) ,  uamg method of intra-elasa correlation• between 
tuU end half eibs. ta the Ua1 ·raity of California fl.Qc1', toun the 
moatbly atimate of beri tabil.1 ty ranged from O . 29  w O .  36 ,  ffbeee ree\llta , 
taking into eonsid ration epeeie-s difference , indicate that similar 
heritabiUt.1· s may be expee·te tor other egg producing organism • 
·The. data avail.able on the berita'D1l1ty Qt dlaea• re 1at4\nce bu 4 
on evidence. obtained tram poultry •StUdiee indicate b.eritabiUt1�u, of le 
than lO pe-reent . Lush et al . ( 26) studying the records of DK>rte.Uty 
among more than 20,000 leghorn hen• toun- the toUowinc estimate·• ot 
1n0.1v1<Lual fates by ua1ng th direetly observed pe.reentagea ;  :tor total 
moi-tallty 0 ,.083, for m&rtality ti-om the ).eucoais complex 0 . 0,3 ,  and 
0 .034 for other eauae·• than leueoet • A gen tic correlation of /. o .s;la. 
vu. obtained between NHl1•�e to the leuoo•1s complex and reetetance 
to death trom other causes . the· utbore interpreted these results · to· 
iudic•te general conati\ut1on y play an portaat part in both ltinde of 
mortality. 
Hutt and Cole ( 19) atudy1ng t . control or the leuco .ia  e®'lplex 
in ;poultry- to\ind 'by aelaet1on &n a genet-i�al,ly· r 1•tut 11n that 
r ai ta.nee and abilitJ to lay can b improv, d. concu.rrently, with the 
ri sult.ant a .train having higher viability and greater roduc· 1v1ty . 
«!he expertme.nta diecuHed herein were conducted 1n • laboratory 
establ1ahe4 tor the p'tD"P.(>se of conducting pilot etudiee wt th small 
15 
•rd.male to complement the work wi.th beer cattl-e at tbe Reed Ru.ch station . 
lbe •tho<ls ot culturing the f'l1ea were ill accordance w1tb proeedure1 
wbiob have been tound •ucc•aatu.l 1n otbei- laboratories . r.be •tock popu• 
lationa were •1nta1ned in ,pint milk bottlee . �- experimental cultures 
vere maintained 1n half' pint milk bOtt,lea capped vlth either cotton baU• 
or wax ce,.pe 1n vbieb amaU boles had been punched . The et.eek cw.tuna 
were renewed appn»waate.ly every ,1x wffka or 11Qmed1ately prior to the 
b•&innia& ot a new nperiaeat to eneure 'f1goroue parental stock•. lotb 
'lhe temperatun was lll.1D�1ned as <:loae to TO degrees fabreohelt aa 
fO•tible + 
A banana.agar Mdia waa uMd •• the basic culture naed1a for tbe 
.atire study. Tbe .selera.i&ed medta d:Ltfere(l only 1n that l1"u14 aod1um 
aelen1 te wae added to tbe banana41V media 1n the delired - cone nt.rat1on . 
fbe b•aie formula tor the media 1• as follove 1 
57, 00 , water 
20 greme apr--egu 
35 p8lll8 brew re yeaat 
l2S cc " wh1 te corn - eyrup 
225 oc • crushed ripe banan& t gr• mold inhBttor 
tfhe f'1rat atep waa to bring the water to a boll at which time 'tbe remain• 
der of tbe ingredient-& we.re added along· th the .. leru,um . Thia mixture 
W:a• •Uowed to boil ro.r 10 mi.nut.ea and th.en poured into ttertlice4 culture 
bot�l•• to a depth of OM•balf inch . Strips of paper toweling aoake·d in 
m.olcl 1nbib1 tor -eolut1on were t.ben pl.aced into a.ch mottle to allow a 
dry pl.ace tor the parents to res-t and tor pupation ot the larvae . !be 
•· .dla we.a allowed to set t&r t least 24 bcurs before the cultures were· 
etoeked • 
n\miber of ot1'1pr:Laa produc d per female parent and the n.tto ef male to 
teale ott·aprtng pwoueed 1n each experimental un1 t .  In the experiments 
pn .en:ted in Section• A and B,  the mean aumbctr ot oft' priQg prodwted per· 
female par Q.t was caloui.ted by di v1d1ng tb · number ot fi male pa.rent · 
,reaaovri tram ach elCperuaen'tal unit at the eo.4 of the 1.0 day laying. 
period into the nwnb-el" ot female parents toclte� . ror the rema1n1ng 
experiments, this figure w•· obtain d by exuinAng the xperilnental units 
daily a.net recording the aumber ot female parent& u.rv1 vtns. At. the· 
co pl,et1011 ot the i,,ytng p«tit1Qd, the number ot female parute au.rviv1ng 
M· totaled tor each eXjel'in!ental unt t, 8D.d 1 vided by lO to obtain this 
t1gur • 'fbe ratio ot· le tQ temale of:fspr1ng wa calc�lated by d1 Viding 
the nU1Uber ot �e . le oft prtng into the num. r o-r le otf spring produced 
in each 2'per1mea.tal .eult.uN . 
�be tactor1a1. 4ea!p was ueed alnee the ex_perimente were conducted. 
tor the purpoM et  studying tbe ettecte an.d 1nteractione ot more than 
one treatment 1n each experiment • Cocbru and Cox (· 5 ), summarize •• of 
t.he instances where a · tactox-1&1 xperimen may be •u1tab1- as tollow, : 
( 1) 1n explorator;y work wban the ol>Ject i.a to determin quickly the 
ettecta or each ot • a.umbel" of factors o .  r a apeoit1ed range . ( 2 )  In 
inveatigatiGlle of t,he interact.ions .-mong the t:fec.t• c� several facto.re. 
( 3) In experiments dead.ped to lead to recemmendatione that must apply 
over a wide· range ot cond1t1ons . 
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'Ibo procedural tbods use 1n stocking a .n w experiment were 
utilized to miaimlze all poa•ible variation 1n parental stock. • !be tiJ!at 
ste:p 1a beg1D.nicg u experutent wa, to prepo.re tre•h laboratory ctM tur ·• , 
lwelv. to 24 hour• prior tG the stock.in& ot the new elQ)er.tment, the lab• 
on.w�:y cultw.a ve:re em.ptie to o1Jta1n virgin female pvent.a an · remove 
� biae a the res.ult ot parental age dU"ferenc • �be parente.l stoeJt• 
were e.umtned for phytical 4 t eta such as broken winga or lA,ga . three 
fea&l.ee end two male were plM d into each aul.ture bettl.e which serve 
aa the oxperimental. uoit . Th.ts was done 1n order t.e ineure 8.gaUet tba 
te.1.1.ure of 'the experlmental 'Unit d.ue to death or •tarility or itber 
parent . Immediately atter tocltina the oulture vere placed on their 
--4r 
id.ea tor 24 hour to p vent the tberi.z parent,s from becOldng tuck 
in the soft media . Jueut failing to aux-vi¥ were ropl.ac d the next day .. 
The ottepriag trom the eqerimental culture _ were removed daily 
in orie:r to obtai.n an actura�e eount or the ntaiber ot ottapring pro4uc d . 
!he of'tapr:tng were etbei-ized, examilled under a lo-w power m1oroacope , 
classified according w _:J; ,  a.ad eouat d . the counting period eonttn 
until otfapring ceaaed to appev or when it became apparent t,he second 
generation otfapring were batching. 
!hen were t.wo Muro e ot biaa in t,118 naul.t.s 01>.-e.iu.ed in tlMt 
e:xperimenta . One ource wae the media benoming aof't and at1cky ahort.ly 
after the parent• were tocked , 'l'hi• med to be more pN·valent 1n the 
lenlzed media . ·thld•r tbeae· oonditio it wa it icult tor the t male 
'to lay her eggs without. 'beqomlng stuck · .  · drowning. In certain inatoac•• 
this eond1tion aontri'buted to tbe failure ot 
the atatiatteal analyses wore eonducted using a me·tbod outlined by 
Snedecor ( 37) tor une� sulJelase numbers .  lbe total de.grees or treed.om. 
tor each experim4ant reflect the actual numbe.r of experimental ut11 ta »ro• 
<iwing oftsprina rather then the nwnber ma.kins up the experiment . ln 
addition, the aott media med.a it difficult to obtaul accurate counte sine 
\ba newly emerged ottsprin& bec,ame stuck NquirlnS the uae Qf a tea11ng 
needle to remove them from the culturea .  tfhe other uJor source ot bi.68 
re,ult44 trom -.plJaa en-ova since only M ext�mely ameU portion ot the 
1>01a1ble· parents were t«tetd 1n any one expertment . !hua, 1adiv1duala 
ay have been inel.udecl who Wnt either more resistant or tuaceptible than 
the me-.i ot the population . !be number 0£ repUcatioo.a wbiob wo\lld. have 
•·lped tn cirewaventiq thi• problem wae imited. by ti. tac.ilitie1 avul• 
�l.• .  However, each elQ)er:tment vu made up of at least toiw repl1cat1oila , 
'helve ot the U race• maintained u the labo�tory veN utUized 
1n the various phUea. or tbia at�dy. The wild ncea teeted we:re. the 
.-.e•II, Oregon-11, and Oao�-S obt&S.aed from Iowa State College , Amea, 
low•• •· A w·lld race 4 aipated as the Turtox 1n tbeae ex.periment,a was 
obtained tram the General liologi,cal S\lpp·ly Bouse , Ctdcego, llU.noia . 
'l'be race dee1patea •• tlle l11001taga w" C&J>t"\INd l.oo•J.lY, J�•t prior to 
the beglrming ot tbete x.pertmenta . Iba mutant �•• rep:re•eAted thne 
ot' the tour �• •;l&DopateX' chromoaomee . �he tirat ebromoaome we.a repre• 
aented by the Bar eye (1). , Ap:ricot eye ( v&) , Blood e-,e (wb1) ,  ancl the 
Yellow bodY' ( ;y) ; the second chromosome by�t.be Veetigal wing ( vg) , and 
the Blaok body (b) ;  and the third cbromoeo , by the lbony ( ) mutant . 
Bridges and. Brelmle -( 3 )  p:nsent -a comple .*aeacription ot tbeee mutaata . 
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A .  The &tteet of l>ittere�t Level.a ot· Selenium 
'fhe. S.1tial •�rtment ot this at'Wly wa conducted tor the purJ>Qee 
o� 4eterm1ning the todcd.ty of eelenl.\RI on two race s  .of !• aielaaopster . 
fl¥# reaul.ta ot etUd1ea w1 th la'bQrat,ocy aetmala ud p,ultry 'by l'ranlte 
et tf:• ( 15 ) and Poley et .al . ( 34), indicate eol,en1wn oonceat·rat1on• ot lO 
p .p .m .  are toxie . Munell •t al , ( 31) obJJerved symp�m · Qt eeleniwn 
toxie1ty in rate 1n a:unoat dire�t proportion to the amount of Mleaiwn 
provided 1n their diet, . '1be el(JerJ.ment consisted o..r dete:rm�ing the 
to.-£:d:ty ot tour eoneentrettons,  o, 5 ,  J.1;>, and 15 p .p ,m. selenium on 
the. tw:-tox ( ,!) and the Black body (b)  races . 'lbe experiment , cona1at1ng 
ot •� replication• ,  ••• des1p.ed to t.e,st. the .Race and if"aim.nt main 
ettect·• and the Rt.oe X Treatment 1nteraot1&n . 
A� )Jean 1-.oer 9t ottt»r!PI �Per P•!Y! ;ar.•t 
the reeulte ot thia experiment prennted. 1n 'h.ole l indicate. a 
t.hreellold e.J"tect 1n tox1eity 'between the 10 and 1, P •P •••  trea\menta , 
ea<l t,he preaenee ot a r&ce dUf-erence in re aiatanee . The mean aquare 
tor tbe ltaee dUterenee• ('fable ll) 1adloate,a there may be re•l differ• 
enc • in the performance of the two re.ces :des;pite the .ta.et that this 
source ot vartatton wae not significant at. e1  th.er the one or the tl ve 
p · reent level.a . The mean difference in the performance o'f tbeee two 
re,oe a -. •lightly, greater than t111c the standard error ot Bac.e dlf'ter•  
. Ir�, 
euces . !be treatment efteets wen high y a1gn1:t1cant (t.r 0 .01) . '!he S 
and 10 p .p .m .  treatments were not toxic , wber aa the 1, J> -l h11h treatment 
TAll,.B I .  TII MUii JfUN8D 01 OPPSPBDG PRODWll) BY TWO RACIS ·OI 
roua !IIBA'!JtDTS 
lac•• Ir atmenta in !'&rte Per Killion Selenium 
0 5 10 1, 
(;) 67 .0 76 .1  63 . 7  23 . 2  
(b)  53 .6 61 . 5 ;4 .6 34, .7  
·-· 6o .4 68.8 59 . 2 28.9 
Standard K.rror of Race Differ n:cee J 2 . 5  
Standard lrror of ,reatment Ditteren-0es l ; .6 
r_ 
Mee.tis 
,1 .,  
51 . 1  
,4 , 3 
TABUI u. TBI AIALIS1$ or VAlUAIICE OF '1'D DnCT QI' null ftBA'DCSl'IS 








llace X Treat· nta 
Pooled lrror 
.. Highly S1p1ficant ( P  5. O .Ol) 











3 ,655 .97•• 
442 .98-
153 .82 
was biflbl.Y wxie . WM .. ra.8\l t• indicate the presence of a thNahold 
effect oet� en 10 8Dd lS .lh .-. aelentum. 
The e1gnlt1cent ( ·p s_o .o,) Race X Treatment, interaction indioatA• 
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a 41tt nn�1al ettect ot l.eni on the t.wo nc•• . 1'be etteot• of tbe 
5 end. 10 P •P ••• tH•tmu.te when cornpar•d to -tbe O t.natment were not 
•1PU1eant tor eltblr l'11n, 'but tbe ( /.) nee COWlliatutly produced more 
ott.apnng on tbeae two tre&tllent tbaa the (b )  nee . !be performance of 
tbe two race• oa the l.S »•» • • tnataaeat vae reverae4. A8 • r ault the 
mean.1 , 0£ the d1tt•nac• in pertormanc:e for the ( /.) nee waa areate:r 
betweo tlae o Md lS } hp,m. veatment than tor tlMt (b) nee. 
a. IM. Bati,o ot Male _tQ F!!!;lt otta,er,Y' 
.la the coaceatra\ioo ot Mlen1a wu 1neNAH4 ,mn vat a tendency 
tor more aale thatl teale ottepring to be. produc d aa 1Ddtcate by tbl 
ntioa ot •le to female ott• »rlnl pn•ate4 1n 'fable lU . tM Analy.ai1 
ot Vv18in0 ot tbeee ratio• ('!able XV) ab.OW the Race d1tt•rencee to be 
llilb11' •t.anttlcut (P �0 .01) .., file (b)  rue conai.etentlY produeed. a 
ana,ter FQportion ot male ,oftapring, whereas the (I) race pt'Oduc d. 
gNt&te� ,roport1ea ot tetDale otfaprins. !be Meaa 8qware value t0,r tbe 
Bao• d.ltt•reno•• while not •i1DU1cant in ic•te• there ma-, be tome ett ct 
ot nc•• on tbe MX :ratio· of ottapring pn)d\1Ced. . 
'.tAILB Ill. UI JW.rJO _ - · TO r�,u,;;,ms OFISftDQ HtCllUCBD It . O 
BACII Cli J'OUR ftlATND'IS 
0 ' lO 
0 .78 0 .87 0 .87 
1 .04 o • . 1.05 
0 .91 o -,-. 0 .96 1.08 0 .97 
- ·'taD.4anl � .· . • Dit-f reno· s 
�&rd IJTOI' of tnataeat DUtenne 
fABUi lV. TB .AIIALt&lS ·al VARl.AtfCI! Oi' TU IFnC'l POUR fBdlllfta 
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l 9 .67 
4, � .oa--
708.,0 
11.8 •. 02 
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1 .  Tbe ltt ct1 v ·neas ot selection For B istance 
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Siao aelection 1 the moet powertul tool the breed -r ba to al.te.l" 
the ttequenc1 of tbe de.abed genotypes ,  a aeries of experiments wo:re Con• 
du.cted t() study tba a\lbsequent l' rlormane or fU ·a subj cted to varying 
aelec·tion 1ntenstt1ea . Labor&tory etudi.ea o� 1aMet1c1de reeistcmce 
in41.cate the preHace of oons1derable variatiml 1n -the rea1atauee, ot 
iaaecta to cbemi�al po1aone . the naulta of these e.t.Wiiee indicate the 
chemical. act.a as a Nlecrti Ye· a.gent. favoring the resietant genotypes •  In 
Wd1t1on tbe•e atwU.ea bave further indicated tbe ree1at.ace exbibited 
n.y t.lW· progeny to th1a eelective ageat 1•. re.lated to the Nleot1on 
intenai ty to which their pa.rents were subjected . Assumirlg that selenium 
t.cta aa a selective aa-nt lB a mume-r aimU.ar to the ebemieal,. po1e:one , 
tbe "•1etanoe of tbe- p�og_eny to ael.en1um .ahollld be proportional to the 
1ntendty of aeli ot1on to wbi.ch their parent• have been eubJeo:ted . 
the e experiments, wen 4ea1gned to compare the eubaeq.uent �r• 
rormance ot pareata eubJeote4 to varying selection intensities on d1tter­
•nt cone atrat1o.na of ael.en1wn tor aeveral generations . The outline o:r 
these ex.pe:rime-ate are •• toUowe u the f'ira"t etep waa to obtain G1 
progeny rai,ed o.n o, j ,. 10· and 15 .P .p . .. ee lenium treatments .  the letteX' 
a.. wt th tb appropriate aubserip.t denote a generation num�r . '!be parents 
tor these ottepring were to be obtained t m the random mating laboratory 
atocka • A random sample of the G1 proseny from ea.eh treatment vaa tben 
uoaequent progeny were to be produced on the same tre•tment,. as tbe1r 
parents � 'lhe number ot o1 progeny produced would be an indication or -the 
aatwal var1at.1on present in t ;n ietance ot the una cted pa.rent& . 
!be nUlllber of a2 proPQY prodw::·· on escll ·of \ha treatments will indtc te 
the •tt cttven.eaa ot eelection ,n the previoue gemratien . The performaaoe 
ot tbe o3 and aubee
q,uent pDeNLtione will 1nd1oate the ettect.iveneaa ot 
tlle or-ipnal selection att4r one or more pneratione, . However, d\18 to 
the lack of suitable facU.1t1o-a ,  the experiment was concluded t t.bit 
complet.ioa ot Uw thiN puratiou . 
f. experiment tn wbloh the G1 progeny were produced waa . •1&ne4 
• 1l&r to tu ex_peruaent � aen.ted 111 Secrt1on A. ·the ex,erimen • 1n 
vbtcb the o2 ud 1u\lae1,u.nt generations wen pi-educe con.a1at.e4 ot tou,r 
replication• and were 4e•lped to �•t �• Parental Source and Wnataen\ 
mat.a etteo\1 and the Parental Source treatment 1ntera.etJ.on. To pther 
-44.1t1onal intoraat1oa ot the rel.a.t1onftlp of 'bo4y col.or and n•1atance , 
'1le. turtox (I) and the Blau bo y (b) racea were 1nolllde4 . !hue , the 
bee main •tt"t• and atae• X Panatal Bouroe an. Jtece X Treatment inter• 
utlou. were alao teated . 
l· �• lwaber ot ott•K!:H �r Female. Par�t 
•• !}. Qep.9;rat.i,91,1 
ft. res · \a 0£ tb.ia gener 1:tion p"aen d in Table V 1a4ic te a 
, bold ett ct. sualar to t t round 1n t.be experiment ire•ente4 in 
e'tioo A.. The var1at.1,en 1n tt. performance of the two race•  vae not 
1p1t-tcaat, ae indicated by the Anal.1'a1a of Variance presented :ln 
fable VI.  IA this qerblent however , the (b ) race produced. more ottapring 
\1-n tbt ( ;) race . The Treatment diffe ces re again highly atpif icu� 
( Pi O .01) . As in section A, there were no to.xic ettecta ot the 5 ud 10 
r.AI� V. DI NmAI NUMBER OF G1 PROOEHt PitODUCED PER FEMAla PABBIT 
BY fWO RACES OJ 10UR �S 
B-.ces Treatment 1n farts Per Million Selerd.um 
( ,') 
(o )  
Means 
0 5 10 
90.8 91 .7 82 .0 
83 .6 a, .1 101 .0 
87 .2 00.7 91 . 5  
-Standard Error of Race D1fterenees 
Stand� Jrror of Treatment Dit:ferenees 
l.5 
55 .8 
72 . 1  
64.o 
Means 
80 . 1  
86 .J 
83 . 3 
TAIL'I VI. TIE AllALYSIS OF VABIABCE OF 'ID uncr or FOUR BIA!MBIITS 
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l , 9Q5 .o4H 
587 .. 94 
334 . 32 
2 
P •P •• . trea.\menta ,  whena1 't.be 15 p •P ••• treatllet1t vaa highly toxic • lhe 
pertormanc:e ot the tvo races on each tre,at.ment was eimilar to t toun 
in ct.ion A .  However ,  the •differences ve:re not ae sre t with the reew.t 
tbat tlle Race X Treatment intenction vae not •1&D1:f'ieant • 
b .  92 Oen•�tion 
Tbe ett ot ot tbe tov treatment• on. tbe pertonwmc• ot parents 
trom eaob ot the tour parental source• iad1oawd selection 1n t,he &1 
a.enen1ttion had been etteoti� . nJ.¥ at tbe 15 P •P•  · • eoncen1'rat1on , Tbl 
reaul.te ot thi• ex»erillerit (Table VII) allow· that tbs pertormance ot 
parents tram the 15 lhP •ll•  aovrc waa euper1or to p&renta troa the ot.ne·r 
aourc•• • i.fhe perf'ormao.ce ot penDt.s '.fro · the O eowree v.a above tbat ot 
tho•• from either tbe 5 er 10 J hP • •• sources ,  with parent• �rom the 10 
»•P •••  aouroe producing the leu.t nwaber ot o�fapr1ng pe.r f-.ale parent , 
Tbe Analya1a or Variance of these neulta preaeat.ed in table VIII ahow 
the Parental Sourc ditf Nn<:e• wen aip1t·1caut ( P .s.. 0 .O5 ) . The treatment 
etf; · t wen not e1piticent . The moat. ott•pr1ng were produc on · the 5 
P•P • • t.natmeat tollo by O, 10 and 15 P •P •  • treatment• • 
11W Parental source X Tre.ataent 1nterac�toc vaa not, a1&D,1f1cu.t . 
Witt>. on• elCGe,ptioa, the �t• troa tbe 15 J> .p._ • treatment pro,d\loe the 
moet, ott•pring per taale puent on all treatmen:t,1 .  1tb1n the o P•P . • 
t...-tment, parents f'rom th· selen1ze eourc•• produeed more ofttprtD 
than parents fro the · O P • • •  source oa l �re time.ate indicating 
M ctlon tor ootb gen ral t1t.neas and ree1etano • 0a t 5 ud 10 P•P • ., 
'\rea nu , parenta tro the o aod 15 p ,m. aourcea produeed more ott• 
apt'iaa than �ta tro the 5 
trea nt, t.he llUDlber of progeny pro ·u.c cl illereased roughly to tbe 
TAil.i VII . ·a NIAi . 0 02 PMGDt PROVu:aD Y PARD'IS 1ROM 
10UR IOU.8CBS OI POUR TBBA1MIN'IS 
treat• 
meat• lac•• Parental Souroee 
0 .p.m. ' P •P ••• 10 J> •P •••  l.S P •P •• • Neaaa 
0 J.h.P•ll• 
w 
i.6.4 44 .4, 46 . l  ,a .a 48.8 
47 .. 1 74 . 5  ,3 .• 8 64 .,8 60�0 
.... 46.7 59 .5 •9 •9 61 .,  ,a. .5  
5 P •P••• II
) 
,a.e 34 .9 49.9 61 .5 54 .4 
b)  71 .,2 57 .7 49 .0 78.9 53 . 2 
Ileana 64.7 46.4 49., 74 ,() ;7 .j 
10 P •P •• • 1 1
> •3 • .  1 31 .9 21 .0 42.a 3i. .,  
b) n.e 61.2  4() .4 6o,1 6o.O 
Meaa 60.5 46�, 30.7 ·51 .4  47.3 -
1' P •P•••  ft� 
26 .6 25 .9 44.o 40 ,9 31+ .3 
48�8 57 . 3  ,a, . 5 63 .4 ss ., 
--· 37 .7 41.6 48.2 ,a"2  "·' 
ve• lfaue 
-
,2.lt. -a., 43.9 59 .8 s1 . 1  
Standard Brror ot lace Ditterencea 
r
·s StaadQd kro!' ot· Trd.tment, D1tterence 3 .9 
S\Ud&J'd hnr ot lareatal Souce l>itte ne • 3 .9 
i.ateatity Qt Nleotion l)y selenium to which the pareot• had been. aubJected .  
The n1\llu ot t.b11 •�per nt 1n 1cate ae1-ct1oa tor eelenium may b• 
teu1ble . 
1$ a1gn1tican:� ( P  �O.Ol) . 
'fbe. (b) race eonaiatently produc •re ottapr1ng r te parent on 
all aouroe-treat•nt eo in tton.a , X Parental Source and the 
Bece X treatmeut. 1Dteraot1ona were not ian1t1cant . 
�� VUI. rill Bl OF VARIAKC Q T 
..-s GI Ga P.BQQllt 11 · 
lot&l 
. pUc•t.1oae 
































. !3 ................................. 
reeul. • or hi• - le  IX 1n ic&te 
by Nlec "loa in t1w nt1 n vaa o r• 
tte.et ·• !be ,area • or·1�1.na�1ag t 
VO I •  .. 
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(P f .ol) . be 1, •P •••  ·uto•• 
15 P •P• ·• 'tftt&tillM!mta exb4.1>1 
t 0 
tnau-1;e t, 1 
W'l 1 :t, t 
• OD be 0 
t,beir 
TAil.i IX. !Bl MBAI IUMIIR Of G3 PROGDY PRODUCID BY PARD!S ntOM 
10Uft SOURCES 01 ,OUR TRBATMll'.IS 
Treat• 
menta Races ta.rental Sources 
0 p .p.m. 5 p .p .m . lO· P •P •Dl•  15 p .p.m. Means 
O p .p ... m.  �ti 32 .7 12 .4 1 ,9 29 . 4 20 . 6 21.a 52 . 4  46 .6  57 .,9 46 .a 
Meau 30 . 3  32 . 4  27 .3 43 .7 33 .4 
5 P •P�•• I"
> 34 .6 41 . 2  43 .1 30 .9 31., 
b )  s:r.9  36.0 88.9 ,1.6 51 . 1 
Neane 31 . 3 38.6 66 ,0 41. 3 "·3 
lO P •i •lll �  
w 
� .4 43. 4  12. 1  15 . 5  24 .. l 
,, .a 69. 3 46 ., 52 ,7 !;5 -9 
lieai:ie 40. j J6 . j  29 . 3 34 . 1  40.o 
� 
lf P •P ••· • w 
11. 1 10.5 22.5 16 .0 16 ,6 
39 ,4 44 .8 33 .8 25 .4  35 .9 
Mean• 28 .3 27 .7 28.2 20.7 a.6 .2 
Souree Means 32., 38 .8  37 .7 34 119  35 .9 
Standard Bn-o� of ltaee l>itferences 
i 
2 , 7 
Standard. lrror ot Treatment Dif'terence, , . , 
Standard Error ot �ntal SoUre• D'ttferenc.ea . 3 . 5 
lovever , neither the Ba.ce X Parental Source nor the· Race X Treatment 
:lnteract.iona ve:re significant . W1 th the ex.eeptiona of parents from 'the O 
and 5 p . p . m .  eource s ,  the (b ) race agai.n consistently produ-ced more off.,.. 
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�. The Ratio of Mal,.e . to F l.e . Oft •Einl 
The rat.io of aal.e w t mal of'te:prina produced per :remali parent 
32 
in tbis three generation · °tudy w s not affected by e1 ther parental source 
or treatment d.itterenoe s  * However., in the c2 gener ti.Oil the interaction 
be'tween these two factors did caua.e significant dif'f nntes 1n th1·• ratio � 
1!be Bae• main effect-a were aignifieant 1n all tnree seneratioo.a .  
a .  !i. Generation 
T-he mean ratio or male to temal. o:tf ap:riQS produced pctr temale 
parent ('fable Xl)  &�w the {,') race- produced a gre ter proportion ot 
feraale ·ofi"spring ., whereas the (b)  raoe produced. a greater proportion of 
male ot'tspring. !he difference a shown -· n Table XI% was highly aipti-.1-
eant ( P ( O .Ol.) , Reither the !reataent main effects nor tbAt Races l 
Tre•tQtent interaet:10:n were a1pit1ctlnt. '!be treatment me�• do not 
eXhibit a eonsiateat pattern .  !he ratios tor the O aa4 10 P •P •• · 
tr tmente indicate a greater� proportion ot female of'f spring, wbereae 
tor the , end l5 p.p .m.  treatments a greater proportion ot male ott•J>rins 
were produce • The ratios produced by tmt two rac s w_ re conaiatent tor 
all treatment-a .  The (,t) raee p�oduced a p-eater propoJ"tion of female 
ottapring and the (b ) race pre>dueed a gre ter proportion of male ottaprtng. 
b • � Generation 
'Jae ratios or male to female oftapr1ng produ.a,ed _in the o2 generation 
reveal. no aignificantl.y different Par ntal Source or Tr atment effecta 
as ehovn in Table XIII . The parental so ce mea.na ahow that the parents 
trom O, 5 and 10 ·p , p .m ., IOUJ"ces produced ·a ' greater proportion of female 
oftapriag, where• parents from the 15 p .p .m .  sourc produoed a greater 
propgrt1on of mal.e offspring. 'lhe mean square for Parental SollrOea was 
WIIB: U. DE RA'IXO OF MAa ft PIMALI 0i. ..PllQQlaY PJtOJ)lJCID BY 




Tnatuaenta 1A i.:rt, Per Million lenl. 
0 ' 10 
o .84 Q .'4 0 .94 
1 . 16  1.04 1 . 17 
1 .01 0 .99 1 .05 
8tudard ltror ot l'taee l>ifte�eaeee 
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WILi lllt. . THI RAfIO 01: MAIi TO ftllAtB Ga 11WODI PR®UOID II PARU'fS PION ,ova SOURCB8 QJJ. roua �s 
Treat• 
menta Rae.es Parental Sources 
0 p .p .m.. ' P •P •• • lO p .. p .. m. 1, P •P •• • Meau 
0 p .. p .m .  ( ,") O 't89 0 .91 o •. 86 0 .99 0 .93 
(b ) 1 .04 l .o6 0 . 91 1 . 27 . 1 • .  07 
Me-ans 0 .,97 1 .01 o.88 1 . 13 1 .00 
5 p .p .. m , ( ,') o .80 o .66 o .e; 0 ,87 0 .79 
(b ) 0 .94 1 . 11t 1 . 14 0 .97 1 �0, 
Means 0 .87 0 .90 l .,00 0 .92 0 .92 
10 p ,p .m. t ,'
) 0 .85 0 .76 1 . 00 0 .83 o .86 
b )  1 . 19 0 119� 1 . 39 0 .92 1 . 11 
Means 1 . ·02 Q . •  1 . 20 o .se 0 .98 
lS p .p -m. � "� 
0 .83 0 .78 0 .79 1 .0, o .86 ·b . 1 .07 l . l4 0 .97 l , 34 1 � 13 
Means 0 .95 0 •. 96 o .-88 1 . 20  1.00 
Source Meana 0 .95 0 .93 0 .99 1.03 0 .98, 
St.andard Br:ror ot .Race Differences 
1
0 .03 
standard Brror ot T�eatment Difterenc s 0 .04 
Standard Brror or Parental Source 1:)it"ferencee o .o4 
nqt i.gn1t1cant as shown in Table XIV. There were no aignU'tcant differ• 
encea be.'hween the four treatments .  !be treatment nieana show an eq,ual 
number of male and female oft spring produced on the O and 15 p .  p .m . tr•at• 
nte and a sligbt,ly greater proportion o temal.e offspring on the 5 and 
10 p .. p .111 .  treatments .  The mean equare for the Parental Sou.roe X Treatment 
interaction was highly ai.ttn1fioant ( P < .l) . The means Cor each parental 
sour'C• ... treatment combination show that parents fran the O and 5 p .p .m .  










Jl&Etet X Parental Sources 



















,26. 22  
6J5 �05 
435 � 39 
126 .93 
279 .50 
395 . 65 
� -48 
lbe paronta tram �he lO P •  p .m.  source prod'lted a greater proportion of 
female otraprin& on the O and 1$ P •P ••• treatments , an equal proportion 
35 
on the S p .p .m .  treatment, end a gre•ter opert.ion of ·male ottapr1D.g on 
the 10 p .p.m .  tre•tment . The parenta t'rom the· l5 p .p .m .  source pro4uc d 
a greater proportion of male cpffeprin . he O and 15 p .;p .m .  treatments , 
wbereu. en tlMt , aai 10 p. p .. m. treatments this rat.lo wu reversed. . 
'lb.e ditterenc a in this r tio between tbe two rao s 11er again 
highly sigl'liftcant (Pi O .01) . The Race X larente.l .Source and the Bao• 
36 
X treatment interactions were not sisnitioant .. '?be (,') rac , with one 
exoeption , prod\lced a gre. t.e;r propo.rtion of to.male o.tt spring on au com• 
b11'lation• , whereas the (b)  race qa1n produced a greater proportion of 
male ott.spriq . 
c. g,3 Generat1Qn 
·There were no •1gn1ticemt diffenaoes re.eul'tillg from e ither h.rontal 
Sou.ree or Treatment main effect• • 'the ratios for th o3 generation 
(Table· XV) allow �bat par•nta t.rom au parental source.a produced a greater 
proportion ot male ott Fin&• 4.ftl1 was · · · tJ.cularly true tor parent• 
. '-< 
originally f'rom the lj p •. p .m .  aouree . the treatment differeneee,  while 
not eigo.1:flcent, were eligbtly larger tbla the '8rental Sowce. mean 
s1uarea •• ahowi,. u Table XYl� With the· exception ot the O P •P •• · -treaii .. 
Mnt, there vaa a e.l1ghtq �t41r proportion ot ale ott1pr1n& prod.uoed 
on the treatme·nta . Thie retio above4 tbe greatest ditterence on the 5 
p .p •• . treatment, whereas the variation in this rat1o tor the remainder 
ot the treataenta waa rather small. lleapi te the greater ind1 vi.dual 
dit't rencea 1n thia ratio betv e». the parental source•tNataaent c:om'bina­
tion than in the previoua generation , the Parental Source X Treatment 
1nteract.10n wae not s 1gnif 1cant . the tendeney tor all parents to pro-. 
,;,;. 
duce a greater proportiou of male offapriag on the 5 p .p ,m ,  treatment 
ie reflected in the treatment means • 
The Bace differences w re . in gbly s1gn1f1eant ( P 5....0 .01) . 
However , neitber the a.e X Pu-i ntal Source nor the Race X 1're-atment 
interactions were significant .. As in the two p:revious generations the 
Treat• 
taeata 
·C) P •P •• • 
Means 
' P •P·••• 
Me·ane 
10 P •P ••• 
Neena 









(b 1 .19 
1 .08 
t J
) 1 . 18  
'b )  1 . 11 
l , 11 
( ,')  o .ao 
( b )  1 .oa 
0 . 91 
fare-ntel Source-a 
0 .94 o .. s, 
0 .93 1 . 14, 
0 .94 1.00 
l "OO o .86 
l .64 1 ..,·7 
1 . 32 1 . 10  
0 .90 0.99 
1 . 10  1 .07 
1 .00 � 1 .03 
·-t 
0 ,91 0 .96. 
1 .08 1 .02 
1 .01 0 . 99 
0- .91 
1 . 22 
0 .95 
1 .20 
1 . 16  
1 . 18  
0 .83 o .oo 
o .a, 
1.44 
l - 14 
1 .29 
SOU!'ee ·-· 1. . 06  1 .07 1 . 06 
Standard lrror of ·treatment Ditterences o .o6 
Stt.ndan\ lrror of a.ca Ditterences 
i 0 .
Oj 
Standard lrror of Ptlrental Source llitterencea · 0 .06 
37 
0 .87 
1 . 17 
0 .99 
1 . 02 
1. 39 
1 .21 
0 .• 97 
1 .oe 




race produced • greater propo-rt1on ot male otteprins, lr,ut, the difterel)cee 
...,; 

































1, 925 .27 
1,260 . 55 
1, 224 •. 61 
39 
c - Jta.c Differences in Resistance 
'fhere ie aome evideace that variations in seienium resistance ay 
be due to areed d1tference a  or to the characterietic a vb1oh diatinpieh 
one 'bn.ri ot liveeteck t:rom anothe r . Dinke l et al . ( 10) ,  di8cu1, 1ng the 
eelenium reeearch at the Reed Man.ch station , euueat the poae1b111ty of a 
relationahip existing between selenium resistance and coat color . !bey 
d1ecuaa tbe tr ,quen-ctea ot reports tnm both experiment •tatiotl and pr1ve.te 
berde of darker colored ant.ls eXbibiting tever and let,. severe ayaptome 
of ·Sel.eniwa tox1c:1ty tbaQ lighter colored animale . there are alao 
indications of bre•<l ditterene•• 1n swine to aeleniUDl eueeeptlb1lity . 
Wahl.etrom.. et al . (42)  1twiying · tbe ettee veaees ot ar ... 1uc acid in 
preventing &YJllpt.ome o'f aelenimu toxieity ill swine tound Duroc pi.ge 
exbibited •r• severe aymptom8 of selenium poiaonillg than ettber the 
Bamp•htre or the Spotted Poland C-bJ.na breed••  Tb1 ia ot intereet ainee 
the two breeda characterized by a pndoaaiDeaoe of black eody color 
eldu.b1Wd more reaiat.ance than the breed characterized by a red body 
colo_. .. However, at.tempts to correla,te inae ct1c1de reatatance w1t,h cer• 
tain morpbologiul cbaracter1st1ce have not been eatuely aucc . ·aatul . 
tbie augeate that retietaace may be the re■1alt of e ither individual 
<11.f'f'erencee or that certain breed.a may e · :bit a greater reaiatanoe 
irreapecttve of their d1stingu1ab1ng cbaracter1ettc a • 
The experiment presented in thia aect1on was c�>nducted tor the 
PllrPQM ot 4eterm1nina it aeleniwn re i taace 1• the result ot 1nd1v14ual 
ditferenc·e e  between morp�l.og1c&Uy aimi ar races or 2,. •laaopawr or 
it reet·etanee 11 related to morphological d1ffereneea expreeeed by the 
UlUtaate used 1n this study . !!bis eQeriment oons1st.ed of studying tbe 
etfect• ot 15 p .p .11 1w  selenium on 12 races tor two gene.ration • rive of 
the la rac-,e were wild or noJ'VJAl and seven. were mutant exh1b1 tins a 
variety ot morphological ditferenoe,s .  !be w1ld races w re lacluded to 
determine 1t var1attoa 1n eel.ens.um reai. ta.nee •xi.st• atJl)ag races 1iailAr 
in •pearane · but obtained. troa dUterent aourcea ..  The mutant.a •r• 
included to determine it • nalationahip -eaiate4 betiWfln morpbologicel. 
difference and resieteace , 'lhe w114 re.ce s  teated were the turtox, 
Amea•l1 , -Oregon.a., Canton◄, $nd tne BJ"OOkinss . -the body color mutant,e 
-teated were the tiret chromosome ?eU,.ow body ( y) , the- eeeond cbromo90ln8 
1'lae oody (b) ,  and. trhe third ehromOsome ny bod,- ( o) . A compariaon 
of tbe pertomence of \heae races with the wild. recea should prov14e 
ome 1n41eation as to the iaJ?Qrtuce ot lx)dy color in .rea1ataace .  the 
other DN'tants te te4 were Um Blood •� (wb1) ,  Apricot eye -(w•) , kr 
eye <•> , and the '¥ at,1gal v� ( vg) 1 
l'be •xperlment wa,, ae•t.ened to etudy the ef'tect ot 15 p .  p .. a ,.· 
eelealum on tl)e. reproduct-ive pertormance tor two generattone end to 
obtaia a mea,ure ot the relati-ve n•1atuce ot tbe l2 rat: & • lt coo• 
s1ate4 ot teetlng 12 "4 a on two treatments , O -and lS P •P •••  • lenJ.ua,. 
�or two pn ration.a re»Ucate tour time• in each generation . A comp.riaon 
of' the mu.n number ot offspring produced by the e la rac a en the lS p .p ,m.  
tre talent with that of the O p .p .m ,  trea ent was used a a meamre ot 
prod.UCtive t1tnesa . The dUterencee in n"W.llber of offspring produced 
by eMh �-e between the O and 15 p .p .m - eatmente w uaed to meaave 
rea1 t:ance .  A ·correlation between the two crt·. r!a waa. calculated. to 
determine if a NJ,lat.ionsbip . tween these measurements existed , and if so , 
to wbat degree • · 
· 1 . !be Me-an Bumber . o:t Otts;priP&. Per remai.. �ent 
'.there waa cona�derable variation 1n the pertonumee ot 12 racea 
result:Lng tnm treatment and temperat\lr differences l>etween the tiret 
u.d aecond gene·ratton1 . !'be N-produett ve performance <>f tbe la rac•• DY 
gener&tion and treatment• (Table XVII) ·are ranked 1n aeece1141ag order or 
tbe·ir mean reproductive pedorunce tor the two generations • The wide 
variation ranging from 92. 4  to 26 .9 off'•prtng per £emakt parent tor the 
B-rooldags (}) and Canton•S ( il) no•• 1-• l"etleett;d 1n tbe MfJhly eipitl• 
cant ( P S,, 0 .O1) R.ce meao a1uare presented in fable XYlll • the highly 
sipitie&11t ( P s. o .01) mean S(lue:te tor 1fre•t•1;1ta is pr1raar1ly due. to 
1, P •P ••�  selenium reducing tbe :reproduet ve pedonance by approximately 
QrMt-..h&U . S.1nce the •• square tor tbe bee X �atment interaction 
was highly a1pit1cent ( t <. O �Ol) , .a genetic and •nv1rou.enta1 interaction 
1• 1nd1c•:t•d. at leaat ae tar as reproduct1 ve pert:ormance 1• concerned . 
A compariaoa ot the two gene:r�tion treatment means in ftlble XVIl •bowe 
that raoee wh1cb produced the are•te•t number or otfitpring on tbe o· p .p .m .  
treatment did not n-eceaawlly produce tlut moat of'1'epJ:>ing o n  the 15, p .p .m ,  
treatment . fhi• ladicat.e.a tbft.t re})l"Oduct1 ve :pert�c• .of c>ne particular 
race in one particular envb:onmant 1 not aa iodteatton ot S. t1 perton• 
the temperature variations between the· tirst and ••eond generations 
•• well e.a t:n tment e.ff'ecte resulted in a� ditterential reproductive per• 
toraance ot the 12 rMes . Dur:Lna the first generation, the laboratory 
temper&tl.lre vaa below that for optim roduot.1 ve performance , vbere&s 
1n the eecond generation thia condition was corrected . file first and 
second genere.tion means of ��o and 67 . 3  offspring per female parent are 
!Alla XVII . ,a lfflCr Of 15 P .r .M. S&LllfIUM a tllll DPltOPUOTIVI 
PIUOJUiAICI OF la BMSS fOB IW& GlllltNflOIS 
fust S.eond Two Gene.ration 
Bae•• Oen•ret.1an ·hner-.tion Mean 
lace 
1, 0 15 Q 1, ·-· 
lroeld.n.p (,l) 1'1 •7  '8:9 . . 145 -8 93 114- 108 ,.S 76 .2· 92,4 
(wt') 28 ,2  16 .6 117.0 83 .4  102.6 50 .0 76 .6 
Amee (1') 54 .6 23 .7 91 . -3  aa.1 73 ,.0 ,3 .2 63 � 1  
(b) 14 .5  33 ., 102 .5 67- .0 58 ,5 ,0 .2  ,-. .4 
·ttartox <,> 21,.4 8 �7 90. 1 ,, ., ,, .a 32 .6 4g .• a 
(e ) ,, .2 16 .8 108.4 11 , S  8.1. .8 11+ .2 48.o 
('.I) 14.2 14 �1 68.9 6 .S  41 .• 6 10 .J  4, ., 
( vg) 38.5 21 ,4 61 .• a 17 •. g ,0 ,2 19.6 34.9 
( y) 13 ,8 - 9.a 83 �6 15 .2  48-1 12 .2 30 .4 
Ongoa•I (J.) lt.1 .8 21 .2 36 .l+ a3 . l. 39 .1 22.2 30.3 
(wbl) 14 .a u .. � 79 .8 14,7 47 .0 12 •. 4 30 . 1  
Canton•S ( I) 43 .4 0 .9 60.7 3 .3  52 .0 2 . 1  26 .9 
lfeaa• 3-5-0 21.1  94,. 1 40 .lt 63 ., 19 .6 lfi, 5 
Staadar4 lrror o.t 1\aee l>U'l:ereaces f ::; S1-n4u'd Brror ot treatment. DJ.ffereaeea 
�::. 
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,a, 3!to . l&-* 
s , ,95 .oa-,tt 
70, 265, . 198 
8, 34() .• 1,** 
retl.ec�d in the bigbJ.¥ ,aignitieaat (P {  0 .01 ) Geoerat1on mean squaree • .  
'lbe d�erential repro4uctl ve pedo1'111811ce &t tbe l2 :racee lHttween -tbe 
tir•t Q<l ee.co!Ml 1a  reti.et 1n the highly •1&a1f1cant (Pi. O .01) llace 
X Oen•ratton mean aqu,are. AU r&Qea ellhib.;1-te · ao.me improvement in the 
second generation, but there was conaicwrule V&l'iation in th-, magn1,uc1 
ot tbia 1ncreaa • There wa only one r84e, the Oregon-.ll ( /) ,, wnoae 
pertormaac w a esaentially the 8Blle in both s•nentiona . The d1f�er ntial 
:, 
treataen.t et'tecrt• are reflected in the &bly at_pit1cut (f  < 0 .01) 
Geueratton X !rea.tment me ,aqua.re . Tbe treat.at means of 35 .0  and 21 . 1  
o:rtapring »er female parent tor the first generation, end 9� . 1  and 4o.4  
o.ftapring per temale parent ln the eecond generation show that the relative 
tox1c i ty of se len1um 1n the second gene.rat.ion wa.s muob re severe than 
in the tirst generation . 
e .  :Oiti-ereneee let.veen. the o &1:1<& 15 P•P• • •  trea1-en1's 
'fbe difference• in nwaber ot off'apr1ng per female parent between 
raaea cU.tt•red w a conaiderable extent 1n the ir reeietan.ee . There we·J9i. 
no 1nd.1e t1ons , bovev r ,  that a relattonehip t.s present between 1110rpbo• 
logical d ifterenc• •  and reaiat.auce since there was u umeb variati on 
between the wild rac•• aa the mutenta . 1Tbe lace mean equare (Table U) , 
while not aigniticamt , udieates that re r differena•• may be preaent 
between 'tbe race a . The differences. ranged from 8 . 3  for the (b)  race to 
62 .7 -ror the (e ) race with � ... ditterenc or 33 .8 ott.apring per femal 
parent for the la race 1.  !he tvo dark body mut.antt , tbe ( b ) and < • > , 
wen re spectively the moat reaietant end aueceptiblwe or tbe la raoea 
teated . 
the temperature variati.os between the tWQ generation• also 
reaulted in coneiderable dif'tereoc a in the reaiatl\Qce uibited by tbe 
la races . the t1r•t and second generat ton mean, of 1, .0 and ,2 .• 6 of'f• 
s.prin· . r teale paren� ia retl cted in t .. highly significant ,( P � o . ·01) 
Oenerat.1on mean qu.are. However , the absence ot a1gn1t1eant Generation 
X Bae interaction indicates that an increaae in tbe toxicity of ael-enium 
in tbe eee ond gener tion was nearly p op rtione.l for all races over the 
f iret generation. This was true tor ll race s  eKCept one ,  the Or gon•B 
( /) wild ,  which exhibited &lightly more reaiatance in the first generation . 
fABlil XIX. ftB DIPIIRDCI BETWID THI O ABD 15 P.P,M. 'llWllllll'fB 
POR '!II l2 RA.els II IAOI OUDAtlOI 
Races 
(b )  
Oreaon-•I ( ,-) 
Aae.a•IJ'. ( ,') 
turtox ( ;.) 
( vg) 
(I) 




Canton.S ( I) 
(ii) 
( e ) 
Generat1on 
I II 
·l.8-9 35 . 5  
20 . 5  13 . 3  
30 .9 34 . 1 
17 . 3  33 .6 
17 .a 43 .9 
0 . 1  62 .4 
12.6 - 52 .4  � 
2.4 6·5 .0 
1' . 6  68.3 
43 .2 58 .2  
_u.6 93 .6 
38.5 96 .8 
1, .0 52 .6 
Standflrd lrror ot Race J>ifterenoe·a 
Standard llrror ot Oen rat.ion 1)1tfereneea 
Ileana 








36 . 5  
50 .7 
52 .6 
. 62 .7 
TAalJI xx. TD AIALJSlS or VAltIAICI or TD DUl'DDCBS BftWDI 







Beplieation• X Rae .a 
Oenerat1waa X Repl1cat1ona 
Be plication• 
X Race s  
X Generation• 












2, 193 .94 
1,838.64 
J4,028 .07H 
1,793 .. 63 
4,636 . ia--
One race ,  the ( b ) ,  produced 8'Qre teleniQ4 off apring in tb.e tirat genera­
tion tb&n non•eeleniud ottaprtng , b\ilt 1n the •eooo gen · ration th1a 
pattern vae reverae4 . 
A e,Olllpariaon ot Tabl.ee XVI% Mid XIX 1a whieb t.he raeea are ranked 
1n deacending order ot their reproduct1w . . itneae or reaietanae indicatea 
that tbeee tvo eharacter1at1os may 11ot be cloaely rolated 11 The racee 
which ranked high vb.en measured by one chare.cteriet1e did not neceaaarily 
have the aame ranking when measured b the second eharact.erbtie . A low 
posit1-ve correlation of 0 . 32 was calculated betweell reproductive fitnese 
and reet-st.anoe 1nd1cat1ng that reproductive f1tnees cannot be considered 
lt-7 
ae an accurate •••ure ot re•tstanae . !be relative poa1t1ons ot tMM 
12 races 'baaed on the ir reproductive t1tneee and reaiatuc'e indicate 
tut tbeae two criteria may be • matter of individual. ditterencea rather 
�· 'ibe Jta�io ot Nal_ , to Pe�e O.ffap,:121. 
The ratios Gr mal♦ to tea le ot:reprlng presented in 'fable XXI tor 
tbia eJt.P;trtment shov a alightly s,eater proportion of temal.e ottapring 
produced . !be aip.1:tiQant ( :p S.0 ,01) Race •an •-tua.re (table XUI) ret'le�t• 
the varlatton in thia ratio resulting troe,. race dif"terence1 + !he ratios 
ranged trom 1.25 tor �he ( y) race to 0 .78 for the ( e )  raee vith an experi• 
•ntal mean ot O .  96.  there w-.a a tendency; tor a alJ.ghtly peater pro­
J)01't1on or male ot:taprua -to be produced on tlle 15 P •P•• ·• t.reatmeat ., but 
the tnatme.nt mean aq.uare waa not e1pU1eant . The •1ga:1t1cant (P' i.0 .0l) 
Gener t1on X Rac-e interactiou mean aqua.re indicate• tut generation 
dittonnee• atteeted the ratlo of otteprina produced b,y tlte 12 rae e.  
!bare vas ae  a general rti1- a greater proPort1on of  male otfapring pro• 
duee.4 1n the tlret. generation, whereae 1n tbe second gener• t1on a gre..ter 
proportion ot female ott:.-pring were produced . 
IAIJ&. Ul- HI RA'fJO 01 MALI to nwJ& Off81BDG J80l)UCII) It l2 
aACIS 01 WO tal.AINBHS POI TWO GIIIBATJOli 
11ret Second bo Generation. 
Mee Generation Generation Mean 
lace 
1, 0 15 0 15 ..... 
Bl'ooldngs ( ,') 0 .,3 o .s, 0 .94 1 .oa 0 .93 0 .93 0 4 93 
(w6) l. 11 ·07 0 -'6 o .88 o .a, 0.98 0 .• 71 Q • .  84 
Ames•II (i) 1.01 o .a, 1 .01 1 .ao 1,01 1 .•. oa 1,02 
(b)  o .,, 0 .96 0 .98 () .92 0 .76 1.08 o .a, 
'lurtox ·( ,l ) o .64 C h$3 0 .96 o .go 0.63 o.as 0 ,85 
(,e )  o .81 o .58 0 .89 o .66 o .a, 0 .72 0 .78 
(.I) 0· -94 1 . 1., 1. 13 -r 0 .79 1.03 0 .99 1 .02 
( vs) 0 .98 1.43 1 .1.3 0 .78 1 ,04. 1. 10 1.0S 
( y) o .86 1.1, 0 .98 1 .42 0 .92 l,59 1.25 
Oregon-B < I> 0 .74 0 .69 0 .81 0 .91 ·Q . 17  0 -.83 o .80 
(wbl). o .v, 1 ;50 1.06 0 • . 87 1.01 1,14 1.07 
Canton•S C l) 1.21 1 .00 0 .96 o .84 l ,06 Q .89 1 .03 
Mean• 0 .90 1.01, 0 .93 0 .96 0 .94 Q .99 0 ,96 
Standard Brror ot Jl-.ee D·itterencea { � :� Staad&r4 lrror ot Treatment Di:ttere-n-ce s 
'IAIUI DII .  fil UALISIS OF VARlAICI 0, 'fa 11/tlXO OP MA£B 1'0 nNALI 






Race·• lC Treatment• 
06nerationa X treat.11t1 
.,001e<1 Brror 



















1, .. 16 
3 ,  ()92 • ,0-
1,  97� . 27 
1, ·558.02 
D � Sex and Beatatance 
One of tbe troUDlet resUltlng from tbe preeenee ot aelenium 11 
that 'b�U.e oft.en become or1.pp·led to the extent that they cunot cover 
the1r pUturee . It baa been Ohl.lerved 1n eome b.erde t.bait bulls exh1ll>1t 
more severe .symp'toJD ot ae1enia toxicity than do tbe cowa . �hi• •1 be 
t:he rea\ll.t ot a aex atttennce 1n euacept1b1U.ty o:r ot p�cbaaing berd 
bility are clue to heredltaey difference& ., they· may ·eitiber be au limited 
or sex JJ.aked . It thtl trait :La HX U.mite4, it will mantte·at. 1taelt 
oo.ly in on . aex. on the· other band , it t.he· trait is aex Unked , the 
bateito:pmet1c sex will 'b affected the lt08l aeverel)r . tbe 41fferencee in 
auaoept1b1l1ty observed. may alao be tile reault of pur-cba-aiDg herd •1�• 
from areas wbere ae1eet1on tor selenium reaistance baa not been practiced, 
where•• tbe cow berd � have beeit aubJeeted to some aeleot..i.on . 
1n order to determ1ne an t1'ectl ve breed:lag ple tor 1ncreasbg 
rea1atance � tbe mode ot tranaaieaion f'rom the parent to the 0:tt1prtna 
mu•t be determined • U both paren:te contribute an e(lual. amo•t ot 
re 1atance 'to the ott'-apring, the proaep.y pt'Qduced trom two reaiatent 
parenta should exhibit a great.ex- degree ot real•taace than ottapring pro• 
duoed trom matings 1a which only one par ie suaceptiole � U aex 
lh.1kage were involved the ratto of male to female ott.aprlng produced 
.... 
trom Noip�oc•l cr"O•ae• would d1tt'er aip1t1c&ntl.y . U Hleniwa were a 
a � l.1Jnite4 trait , progeny .urviving ould be llttlited to only one. sex or 
,a p:nP<)n.de-rance of one aex . The re sul. ts · r;;r studies of tbe mode o� tran&• 
mission ot 1n•ct1c1de reais.tance indicate both p&r4Jnta eo.atrtbute .an 
qual amount or reeiet&Ace -to their progeny . 
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!he effect o.t eleniwn poisoning reducing the ealf crop ha con• 
slderable economic importance. Selen1um may attect i-ep�oduotion either 
clireotly or indinetly'. Tbe du-ect ef':tect may be of reetr1cting ·the 
pbyaio.logteal proce-teea required tor conception , or lndlnct.ly as the 
tall-lU'e to carry the ealf to i.rm due to . inadequate fetal nutr1 t1on aa 
tbe re.a.ult ot irlJury eaueed 01 eelentum � There ve aouae 1nd1catJ.o�• 
trora the atudiee ot tnaecticide reai•t�ce ot possible uternel influence 
elnce progeny of re11etant tamale• t-d to be. more reeiatant than fN>m 
euecepti'ble teai.a ,  
fwo experiment& wre conducted to .etu4y tbe intlueneo ot the ... 
ot the re•11taot parent on the nai•teaee qf their propny. Experiment 
� 
l conaieted of aomparitlg the perrtormance oc tour mating •Y•tema , a X I, 
s X s, I X S and 8 X R,  on o ud 15 p ,p .m . selenium . the letter• stB• 
&Qd "£1"' denote the reaiatan\ and •u•c:e;pt1ble 1toeu, re1pttctlvely . lb.11 
experiae.nt wae conduct d to·r the purpoae ot stUdy1.ng the mode ot tran•• 
aiaelcm ot reeietance to the progeny .  lx;periment ll ooa•1•ted ot com• 
�ill& the performance ot \be saae f'ov matin& eyeteu 1n vhtch one or 
both »anmta were obtained troa aon•seleniaed er a lenlzed atoeka ,. Only 
the lS p .p .m . trea'tlaent waa used 1D. thia expertment . The pu:rpO.M ot 
thie xper1Mnt we.a to etudy tbe ette.et of prior selenium. xpoewe on the 
reproducti Vi perrormance of tbe reat1tent, or susceptible male or female 
parent . the Brookins•. ( /.) race waa dea-1 ted ae the resistant stock and 
Cantou•S ( l) race waa des.lpated •• the auacept1ble atock .  the figure 
"O" deeiguated the non•aelenized atoc . ained from the laboratory 
_population• • !he figure "15" designat-es the aelenized stocks wbich bad 
been -.1ntained on 15 p .p .m .  selenium for at least three generation, . 
It was neceae&ry to ·repeat both lxperiaenta l and II aincc the 
p rtormance ot the tirst expe.riment in each c••• wae att. oted b.y the use 
of parental etoeka which were a. arly eXbauated . tbeae repeated experimctnte 
�• Neen. llla\ler of �t•1ra& 1'tl1 .remal.e Paren.!: 
• •  &xpr�at ! 
Tbe nu1ul\1 Qf thit e�rimeut (lalll.e XXDI) MJ4icate treatment 
dU'teretleea and mattna aystem 1tte:rence• eontributed to cona1(lerable 
vw.1at1oQ 1n the llWDbe� ot ottapria& produced per female parent . the 
Analyaie ot Yviance pre•nt 4 1n Table XXlV ehowa t:be uao eq,uen to'l: 
meat , lS »· •P ••· sel.•ntwa wQ higbly toxic to t,ae progeny protbtced 07 the 
tour mattDs ayatema • !he mean •-1uare tor iCat1ng S7at.u was a1enit1oaot 
( p.s_o .o,) . 'It. two utJ.ns eyetH• 1n vbleb the female wae t1-. resittant 
parent (a l I and s X R) ,rod\le· d eaaen-t.iaU.y the Pme numbcJ� .or etf'epr1ng 
per teale parent • 'l'be mating ey-at••• u whioh the female waa the auaoep .. 
Ubl.a parent exbib1te4 1'mt greateat variation . flw s X S matin8, averaging 
75 .  2 progeny ptr t'eale l>U'Ct � prodv.eed the le t nUJlber ot of'tapring And 
the R I S mat1Dg, averaging U.2 -0 ottsprtng per f'emale parent , produced 
the mGat ortapring . 
The abMnce ot a aign1t1cant Treatment X ting Syatem mean •� 
' 4 
indicates that treatm nt, ettecta were equal tor t.be tour m ting ayat,ems . 
Aa ahovn in Table XXIII , the pertorman 
the O p .p .. m .  treatment was coaaiatentl.y 
ot the f'our mating ayete e on 
perior to that of the 15 p .p .m .  
tre&tmel\t , but vi thin the two treat.men ta  theN· 11,aa le•• variation on the 
!AILS XUJJ . '1111 NIAi. lllCID or onsPaDo P.Ra>ucll> PIR PINAi.i 
P.Ailft ar roua NA'?DG SYS!INS OJI !WO DBAIND'l'S 
'fre&t• Bxperi• 
mnta menta Mating Syatema 
a l l  s X s a X s s 1 a  .... 
0 P •P ••• A 128 .• 1 128.o aoa.4 161 .0 1,s .,  
I 131.0 93 .0 133 .1  109.1 ·u6 .7 
Ileane 129 . 5 110 . , 167 .8 135 . • 4 135 .8 
15 P •P •• •  A 13 ,8 4.4 16 . 1  t.t.2 .a 1p . 3  
I 104 .• 6 1, .4 96 . 3  66.9 s, .a 
Means w-2 39 .9 S6 .a ,6 . 1 52 ., .. 
lxpe.riment Na&n• 
A 10 .9 66.2 1,09 . 3 101 .9 87 . 1  
• 117 . 9  811- . 2  114.7 88 . 3 101. 3 
.... 94.4 n .a 1u.o 9S -l 94 .2 
BtMAard BrN>r ot '.treatment l)itterencee 
i 5 .
6 
Stu.d.&N ltrOJ' or Hat1ng S,.tem D.1tte.reacea- 7 .9 
1,- P •P ••• treatmant . the pertonM1nce or the flov mating •Y•tem• on the 
two tl"eatmente indicate • that �rid v1goi. •-:t be present etnce the me·ua 
ot the reciprocal •t1n&a were superior to that of the · Jl X B and S X S 
mat1nga . 
A compari.aon ot tbe xpeJ-ben ans toi- Bxperiment.a A an4 B 
r1t£l.ect the dithr-ene•• 1a performance ontributed by the lase of old 
lab&ratory- etoek.e with tbe.t of using f'reah cUlturee .  While the· mean 
!All'UI IXIV. TB AIAL?SlS 0, VAllAl'CI 0, 'lU NIAi - or onsauo 








tnatmeot• X Matin& Syewma 
Bx.per1meate 
Bx.perlnlente X Mating Syateme 
Pooled lnor 
ff ligbl.y 1gni.t1cant ( P � O .01) 






















,SI...,. tor Bxperimenta wu not e1p1tlcant, the lxs,eriMnt.a X � au 
mnn ...... was htgbly e1p1f'1oant (P s_ O .Ol) • '.fbue v re 80 delAttel"10U 
tttt te note on the Q •.P .m. tn&tment caw..: -., 1t rence• 1n the 
J.eve1 t vitaUty of tJle parental •tocu. In tact tllll'I were aore ott• 
oduce 1n lxpe� . at A ( 155. 5 )  than 1n BxiPerimeat I vlu.eh pro• 
due a u of 116. 7 ottepr1ng per female 
re leH able to re•1 t tbe to.xic e:ttecte o lf P •P·• • aeleruwa than 
ot parent• uaed 1n lxperiment A. There was alao 80JD8 var1&t10J>. b the 
pertozmance ot the tour matins ayateme between the two experiments ,. but 
th1 did not approach that contributed 'by treatment dlff"•rencea � 
b .  �J?!r:im.ent !!, 
" 
!be rea1;1l.ta ot thie •�1mcmt pre·.eented 1n fable UY indicate 
that the reprod\1Ct1 ve performance on 15 p .  p .m .  Ml.eni\llli it at least 
parta.lly dependent upon the level ot rea1stance and prioj' Hlenium 
J:detery ot -&be female p&ret!lt•  the .-a• to� the parental eourcea and 
ma;ting ay-atau in this table- show that tbo.ee com'bin&1iion1 1D which the 
te•l• waa the aon-ael.en1zed reaiat•t parent :,rod.ueed more progeny than 
t:he1r app,aite eounte:rpar\ .,. fbe Analysis of Variance 'f<>r th1•• expert• 
. --< 
me11t · (fable XXVJ) above t)l&t. tbe •• a1u.are tor Janatal SQ\U"eee vu 
not •l&nificaat and that tor Mating Syatema vae a1pU1caat (1 5.. o .0.1) . 
Tbe two parental toUNe eomb-1nat1ona in which the female was the non• 
••l.enized pa.rent ( 0 X Q ad 1., X 0)  produced 43 ,l and 1-5 . 3 .ortsprtag per 
h•le p&Nnt . Ibo•• eoml>lnationa in wb1c:h the tema1e waa the -seleniae4 
parent ( 15 X 15 and O .X l.S) p1;'0dUCe4 29 .Q and 36 116 oft1pring per female 
parent. • �·••• dittereac•• wbile ao.t a1gn1f1eant indicate a detini te 
tread 'tor then two aerl•• oz p,a.Nmtal eouree cod>in.atione ,. A aiJQ.11-r 
p&ttem •• also pn•a-t; for tbe mating ey1tem.s. The two mat1llg syatema 
in wbJJ:h tbe te•le WU the res1•tant parent, (R X. B and 8 X B) prodllced 
44 ,4 Md 48 . 2  o:t sprtng per tamale paren , .... wbeJ!'i _., the two mating ay-etema 
1n. which •be was the uaeeptible l)&rent ( s  X a and B X  s) J)l"Qduced 27 . a  
t.n<1 30 · 1  ot'tspring per � male parent . 
' J-* 
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TABia XXV. fill · NfJMHR OF OWSPRDO PJtOl)UQID BY 16 PABBftAL 
SOUICI-MAIDG SYSDMS ·COMBDATlOIS D TWO UP&RDl8'1'S 
at1na 
System.a 
B X I 
..... 
s X s 
....  
a X s 
.... 

















0 X 0 lS X 1, 0 X 1, 
24 .6 .. , .4 27 .. 9 
so.a 34 .4 )4 .4 
52 .7 39 .9 31.2  
i ,9 1 .0 2 .2 
38.l  40.6 23 ,.8 
19 .8 32 ,6 16 -6 
4 .2 1 · 3  1Tl<J6 
87 .0 28. 1  30 .9 
.. , .,6 17 ,T 26 . • 4 
.: 
, ., 8 . 1  -t ,0 . 3  
68.9 52.2 79 .2 
43 .9 27 ,0 64 .8 
Bxpe·riment .... 
11 .2 18 .8 29.4 
68.7 37 .9 42.l  
43 .1  29· ,0 36 .• 6 





6() .9  
41 . 1  
7 •. 4 
54- .t.. 
30 , 9  
20 .• , 
a, , 1  
,a.a 
Standard -r-"" ot -.i1na Syatem Dittereac:•• 
I 
S .4 
St.allda.rd Jb-n)r of """ntal Source Pittereaeee 
_ ? -•. __8
4 
Stan4a,:t. lrro� ot �rJ.aent l)Uf•Nncea .., 
Kean 
36 .,2 
,a .,  
l♦,4 .4 





30 . 1,  
a3 . s 
12.9 
48.a 
Tbe allHUc• ot a e1p1t1caot �ntal Soure X Jlating Sy,tem inter• 
a.ct-ion inclic.atea tba't ·both of these faot.o ay exert conaiderable influence 
1n detenn1Ding wbetber t ott•p:ring eurvivea -or diea ". The, data p:reeented 
1n Table nv abow �bat taoee ,comb1nat · 
aelel11'e4. i-eeistant parent , v1 th on e.xception , produced UM>re ottaprlng 
57 
TAlll& XXVI .  ,. ABAI-YII,1 or -VARIABOI 0, !.II KIAi' - or OffSftUIG 
P.ft(l)UOII) IY 16 PABlft.AL -SOUBCI-MAIDG SJIDN 







. X Matins Systems 
lxperi.menta 
Bxperimenta 
l Parental Soureee 
llq)ertment 
X Mating Syatema 
�ntal Sovcee 
X Mating Syatema 
X Bxperimente 
Pooled lrror 















787 .. e, 
1, •na .63 
2,754 .-� 
959 .sa 




tbaa tho·se matings in whleh ahe was tbe non- eleniced ·suaeeptible puent , 
Rovev r ,  tho matings in which she wa tl,- eeleniaed re.sitta.nt parent, 
....;. 
witb two exeept1ons , produoed D¥)re oftsprina than those •tinga in which 
8he was the seleniaed eusceptible _pare t .  These d.ata incUcate that QOn• 
i;ributions from the female may play an important role in detemining the 
fate of the progeny . 
The etf'ect 1n ditterencee ot vi taU ty between the parental atocka 
uaed tor lxperuaents A and I resulted in aign!ficant ditt � nee, in. tbs 
performance of the parental source combinations and the mat..1ng 1 teme . 
The h18h].y aign1t1eant ( P. i o .01)  l:q>eriment mean a,uan 1• reflee,ted 1a 
the mean of 20 .7 offspring p,r female parent tor lxper1ment. A and 53 .,2  
ottepr1ng per female parent for lxperiment a. loth tbe 1a11au equana tor 
lxperiment X Parental Source and lxperiment X Mating Syetem interactions 
were a1gni:f'1caat ( P i  Q .Oj ) . Jo:i, the parental aourc.e c0,Dlblnat1oaa ,  the 
rec1procal• (o X 15 and 15 X o) produced the moat ottapriaa 1n BxperJ.ment 
A,  vhereae in Bxperlmeiit I tbe combinat,1ons 1A wb.i.oh the f'emr.,J..e parent 
was the non•aelen1Md parent (0 X O and lS X O), produced the moat ott-
epr1ng .per female pa;reBt • ,o't' the mating aye · ma ., the B JC B and S X S 
math.gs produced the most offspring 1n both experiment• , b\At the per• 
tonne.nee of the S X S and B l � mat1ngl 1n &xperiment A wa, •xtremely 
poor .  
2 .  Tbe Ratio ot Male to 1 male Ottapr!,y 
Tbe only source of variation which aauaei eignJ.t1cant. difterenoea, 
in th.11 ratio in :&xperimenta l and ll w•• t.bat contr1.buted by d1fter• 
ence·a in parental stocks . 
a .  !!J>!rtment !. 
The means tor the treatmen:t• and mating ay1tema l)re .sentea 1n Table 
IXVII exh1l>1 t 11 ttle variation . 'The mean • 
of variation (tabl XXVlll) were not 1gn.1f1cant. . 'the ratio tor the O 
p .p .m . treatment ind1cat s an equal propo� n ot male and fensale otf'epr11lg 
and for the 15 p .p .m . treatment a llght.1y greater proportion ot temale 
IABLB XXVII • 'Ill BNflO 0, MAI.I TO rJMALB .QFNftlDQ fRODua&D 81 
It POUR MAIDO 81SUMS OI !'WO !IBAfllll'l8 
Treat• 
nt.e 
0 p .p .m .  
*ans 












I X a $ X s a X s 
1 . 13 o .88 0 .91 
0 .9& 1 .. 09 1 .01 
1 . 06 0 .98 0 .96 
o. .88 0 .69 o .aa 
1 • . 02 0 .96 1 . 12  
0 .96 0 . 93 0 .97 
Experiment. Means 
).. .01 0 , 00 0 .87 
1 .01 1 .03 1 .o6 
1 .01 0 .96 0 .96 
� 
s X B Means 
0 .96 0 . '11 
1 .03 1 .0·3 
1.00 1 .00 
o .88 0 .87 
1 .o6 1.0, 
0 .97 0 .97 
0 .9a 0 .91 
1 ,.05 l -04 
o .,s 0 .9& 
Standard lrror o:I Matin& System Diffe·renoe& .·t· . 0 •. 0
3 
Standard lrro� ot Treatment Diftereneee Z 0 .05 
ott•prin& • With the exception of the R X  l mating a:,•tem, tbe tour matiq 
syetema produced a aligb.tlt greater proportion ct tema_le ottepr1ng4 '.the 
mean square for the Treatment X Mating Syetem interaction we.a not. a1gnU'i• 
cant . 
The mean square tor lxper1menta was highly Bi.gn..Uioant ( P  S..O .01), 
ain.ee tnere was a greater proportion of female offs 1ng produced 1n 
lxperiment A and a greater proportion of male offspring prQdueed in 
TAALB XXVIII . THI ANAl.YSIB OF VARlABCI OP '81 IPJ'BCT OP TW8 'lRIAf• 
NBITS OJ TD JW!IO or MALE fO JBllALI OffSHIXNG ,a-,OOBD 








Treatments X Mating Systems 
xperiments 
Experiments X Treatments 
Experiments X Mating Systems 
Treatments 
X Mating Systems 
X Experiments 
Pooled Error 
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Experiment a .  The ratio tor Bxperiment A y not be a true •••ure aili.ce 
only a relatively few offspring were produced . !he mean squares tor 
Experiment X Treatment and lxperiment X Ma-tin Syetel118 1nteract1ona were 
not ignifieant . 
b • Exl)!riment !! 
'!be difference · in parental source or mating systems did not ,. 
e1gnit1cantly affect the ratio of male to r male of;fspt"tng produced in 
l 
thle e r t .  • . r n · l �u·r� C . inat10DI ('lable 
UlX) 1mv, with t e'.XC ,tt-on o 15 ·Wlo&IU4M8t1oa, • greater JN• 
,ortlon of tamale ottapr • 
to oauae th •an square or 
in !able xxx. the ra.tioa tor 
variation than tbat tor 
1ip1tieant . three ot the · 
ot t-le ottaprin 
vbereu t, R X  8 
'fbe lxperiaent •• 
greater proportion of t'--.UP 
-wever, thia ftriatSOD 
ntal Source to , algniflcci\ u bow 
mating aya e1'bib1te4 &(lllevbat more 
ntal eouree , but, tbl · ittennoe• were no 
qewiu pl"Oduo • peatar pro rtloa 
very little variatloa betwa t I 
o'f le otta.,rlQa. 
W·r, 6 • - tly 
PNKl.UtNG 1D bptriaent A.  the 
MU •tut.re tor the Experiment X Parental So� . inteFect1ot1 waa not 
•1an1ttcant . However, the llr;pe. 1-nt X Natina yate intenct1oa • . 
T matiQI •Yetem• vld.eh produe a grea . r 
pro»onioc ot temal.e otta , R l B and I X . 
• gnat.er pro;portion or ott Fin&, 8 X 8 
pn>di 
B X · · ,  1n xperllae11t A 
TAil.£ XXIX. TB RAT·IO o, MUI to nNAL1 GJTSPIDQ !Belluma> Y 16 
PABIIf.rAL SOtJRCS-MA!DO SYIJIM CQMBDIAIIOBS 
Treat­
ments 
B X. ll  
Means 
s x  s 
Means 
B X S 
Ileana 















Parental Source Ooml>tnat1on• 
o x o 15 X lS 0 X lS 
0 .73 0 •. 82 0 .17 
l ,22 1 .01 0 .79 
0 .. 98 0 .91 0 .18 
0 .61 1 .00 1 .17 
0 .77 o .86 o <too 
0 .74 0 .89 1 .06 
0 .95 1 . 38 1 . -.4 
l, .02 0 .76 0 . 91 
0 .98 1 .. 08 1 .09 
o .. 88 0 .87 0 .66 
1 .07 0 .90 0 .99 
1 .. 00 0 .89 -t 0 .82 
ExperitDent Meaae 
0 .83 1 .03 0 .94 
1.02 0 .89 0 .89 
0 .94 0 .95 0 .91 
Standard Brror of fa.Nntal Source Differences 
Standard lrrer o.t Mating Syatem tatrennoee 
lS X O  ..... 
0 .92 0 ,81 
1 , U  1 .03 
1 .0·1 0 .92 
1 .00 1 .09 
1 .24 0 .90 
1 . 16 0 ,94 
l 1,0l 1 . 16 
1 .06 0 .94. 
1 .03 1 .ot. 
o .a, o .ao 
0 .99 0 ,99 
0 .92 0 .90 
0 .93 0 .94 
1 .oa o .'6 
1 .01 0 .9., 
TABLB XXX. TD AIW,YSm or VABWICI OP ftl BA!IO . or MALI to. 










x Mating sy1tema 
lxperuaente 
lxpertmenta 
X Parental Sourc • 
Bxperimente 
X Mating System• 
Parental Soucee 
X Mating Sy&tem · 
X &x,Pe:riments 

















l, 182 .a, 
779 .39 _ 
1 , 356 .50 
3 ,628.iatHt 
l, 336 ,07H 
643 .71 
E .  lfer:1 tabil1 ty ot leaiatance 
Due to the nature of the· range be•t cattle cpe,ration , b·reeding 
tor re iatanc may be the mo t praetioal ao.lution to this prol>lexa . In 
ord•r to r ach this goal in the sbortea-t time w-ith the least expense , tlte 
DlQ t ettect1 ve breedin& ;prognm must b eboaeu � The ;pr-1.mar;y oonaldentlon 
in tbe ehoice of t.hia 'breeding program 1• tb.e heritability ot the trait-
in question . lerttab1lity is one ot the moat tundamental panmeter• ta 
population . It provides a rueaaure of tbe genetic var-iation on which 
aelect1on can operate , and tbis is an important oo-aeiderat,ion 1n oboo.,iog 
an optimum breeding progem. lbe estimates presented herein were c•l• 
culated to determine what may be expected in similar stud1ee with d.olJe•tic 
animals . 
Since the criterion uted to measure the t;reatment effects wen the 
mean number of ottepr·ug pe:r female parent, the reaul. ts of the pnvtoua 
expsrimfnta may ref le ct repl'Qducti ve ti tneaa rather than re i · taoce , I!£. 
• . • Similarly, the estimates o'btained hereua Nfleet the berttabili tie·• --
or repro4\lct1 ve fi tneae ratbei- tbe.n reaiatanc;e • The berita.1>1U tie• of 
reproductive fitness were calculated on both the noA•aelea1Md Md aeleldsed 
treatments 1n order to detenuine the effect or •u,a1um on th1a trait ­
Bovever, there wu one experiment u which a meuur ot neia\aiwe waa 
po eible • This .meaaure wae •Obtained l>y cal · - tlns the d.!tt•:reac · in 
number ot ottepring produced per female parent between the O and 15 P •P •••  
treatments .  
Two concepts of ber1tab1li.ty design ted aa the narrow HUN· end the 
broad aenee have be n. defined by Luah ( 25 ) . tleritability in the n..-row 
een b&1 beea ttned to include that fraction ot tbe pbenot19ic varl&nc-• 
eaueed by average or ·add.i.ttve •ttecta of gene• ,  wbe,.•u beritab1l1t7 1n 
the broa4 aeaee baa Hell defined u the tJ'aot.1oa of pbenotypic difference• 
C&\lled by -aen.et1c d1t�el9e»-C-(U� Of all kiilds . . ·Wbe e•tilnatctt ot repl'QdllCtive 
fitne•• were ealeul&ted in bOth the narrow and. 'broad aenae in order to 
dete;nni.ne the importance ot noa.--441-U ve cont,rtoutioti• . lbt ••"imate ot 
re•l•tfiae• wa• calculated ta t• blrOad. teat• • 
l ,  �rit b�1tY. of l1e1roduoti� ftta••• in the •�row 1�n•� 
!he narrov eetlnates or rep!"oduet:1.-ve· r1 tneaa were baee4 on a 
eyatem of partitioning vai-1ame tor the ctet.rmiu.tton � bt:r1tab111ty by 
t use of tull end halt aib methOd• pre• ted by Larner (24) . fbe 
Under eyatem• approachina rando,n matlns1 the ,gene.tie var1eMe 1 .s obtain. · 
from three sources, o•-•:tourth each trom eoa•tant ¢on'\ribut1on·• fr• the 
, ire and da.m end on.e•l)a.U' due to cban.ee eegn.gat1o.n . 11hua , tbe ntaultiag 
balt-ail> con-elatiou nmst 'be t�tored by tour end the tull••ib eorrelA• 
Uon-s dolll>led 1n order to obtain the reapec�1ve • t1mate II the correla• 
ttona are derived t'ftJ . 1tbe vvs.a.e. aoaponeata ,  wblch in tuna. are obta1 4 
by eq,uattng the- o_,aerved •• ellJAN• w tbeu tatlmatM . 'lltere 1, tbo 
d-.ger, however, ot the :t.ncl�ton ot some ot tbe »en...additive paette and 
av1rome11tal variUce 111 the ,, d .1t1v• .POrtr1on . ror kl �ce, toe value . . 
obtained tFOa pert.itionug the variance between tull-elba � lead to an 
ti.Ja-..te which vU.l include on••f'ourth of the vuiaace due to dominaitce 
and • emall -aount ot epiataaie .  
tic vartance plus- a small amount . of 
the eplata.�ic va.d.ance .. 
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A special ting sy tem vae nee-••-•ary to obtain the 4 aire4 ·n1ult1 
aa e. consequence of the hort lite apu ot the pe.J'eat • two eeparate 
matings were required , bereatter referred to aa Mating I and Ma.ting It . 
Mating I consisted of mating two virgin lrookinga ( /.) :te•le• to a 
Brookings ( !) male . Bach temale waa thea placed 1n'to a aepan.'le cw.'tlin 
atter being with the male tor 48 hour• . Mat1i.g U con•i•ted or •tiag 
a random -seleotion of two full atb da\\lht•r• ot .-ch Matbg % feule to 
a Orea0.n•B ( I) male . 1'ollow1ng thie matlng, the fe�• were -then plac•4 
into eeparate eulturea . The treatment uaeo £or the-1e two matlnga was 
1, p .p .m.  selenium . or1g1nau,y 30 •ire gro�pa were be-SW) ,  however, only 
13 survived until the completion ot the experiment , 
The reaulte of these mat1ngs (Taole IXXX) are b..,d on the. mmber 
of ottepring produced by the Matillg 11 temal.ea . Jt>r tUCUJle , the value• 
liated. under tbe column beaded '"Kattng I" are 'the totals tor the rep:ro• 
ductive pertormance ot the Mating XI female• · '?be Sire total.a &re ba.Md 
on the total performance of the Mating II f'•males .  'nae total tor the 
Sire groupa ranged. trom 186 to 551 with a Dl4't&a ot 36S . 3 £ 9 . 1  ottepring� 
lbe mun square tor Sires pre sented 1n 'fable XXUI wJUle not alpU'ic&Gt 
indicate• that real d.Ufereneea may be pres nt . The tot.l aumber of off• 
aprtng produced by the tW.O daughters ot each Matias I temal.e nt,Qp4 from 
76 to 298 with a mean ot 182 .6 t 6 .4 oftaprlng . Tbe mean 1q\lllre tor 
letveen Female• Within Males vaa not 11gn1t1oant . Tbe variation in the 
performanc ot each tull•a1'b daughter ot t ting I temalea 1 a  i.nd1cated 
by the aource ot variation ent1tle.d ••ruu Sibs . "  fhta waa UM4 •• the 
error term. 
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TABLE XXXI. TB RUBODtJCTIW Flll101UCAICI 01 13 SlBIS AS MIASUUD 
Bl Tlll'D DAWJf?DS 
Mating Il Mating I Sire,. Mat1A& lI. llating I 81Nil 
95 38· 
135 74 ua 
100 46 
122 222 3j7 93 139 2,1 
57 143 
126 183 91 234 
56 92 
91 147 330 86 178 412 
20 93 
56 76 36 129 
93 156 
19 112 188 125 281 t.lO 
118 l .7 58 176 1 ' 272 
93 64 
a, 178 354 107 171 443 
16; 90 
'6 221 82 172 
91 U4 
72 163 384 89· 203 11, 
�07 102 
lo4 211 l5l 2;3 
61 149 
30 91 302 149 298 SSl. 
148 
61 .209 
88 Means 9l - 3 182.6 365 . 3  
93 181 390 
Standard Error of Mating I Di.ff: rences t i. . 5 
Standard lrror ot Mating II 01ft rencee 6.4 
Standard Brror of Sire »1tfer nces 9 1' 1 
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IABLE XXXII . na PABTBltBM OP VABIAICI nB ua pl'DJldl'Nll()I ·••· 








htween h.11 SiDs 
x = the o.Ullber or sires 









z • the number or f'\lll a.11> 




1 ,01, .• a3 
... .. ....,,. 
lx,ectatloas 
a • the •�eat ot . vutance between 
aon••iba ( 112.09) 
D • the component ot V&V1-8e:e 11etweea 
te.male,e w1 thin •ue• ( iaa· .05)  
. I = envinaDlental. c ..apoaent or 
varlaace plus ba!Llt o.t tbe genetic 
var.tance ( 1,01, .t\'3) 
the total vv1aace 1a a2 ; e1, - ot wh1·Ch t.b.e genetic portto» 1• b2 • -,.. 
••tiaatea ot repJ'Qduetive tttneea 1n the aarrow aen•• were o'btaiaed 'by 
1aolat1ng the components 1,  I),  end s. 
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(a)  t-he paternal balf eib ao:rrelat1oa eetim&te • I 41, I ; I • 0 .50 • 
41) 
(b ) tae maternal halt atb eonel•t.1on ••tl•to : 8 J n 7 8 = 0 § 38  
�(�_,») = ( c )  the f'Ul aib ••t:L•te • .I .j D /- s o.43 
i . - . · t � , 
The approximate 90 pe:a:c nt fiducial limite tor the a1re 1.114 .4811 
components derived from the mean equarea presented in 'h'bl UXll were 
calculated by a method ou.tlined by Broas (i) . Thi U.m1ta tor the aire 
component were O and 357 .• 95 and O and 310 . 01 tor the dea oomJQnent . Sine• 
t-be mean aquarea from whi(!h the components were obtaille·4 vere not -tlp1t1• 
cant, the low r limit is taken at &ero . The" 11ml ta •Y reflect the 
PX"8sence ot aamplina errors since only a relatively emall NJIPle waa 
lncl-qded in each co•ponent . 
The eatimatea of the heritability ot reproductive titn••• be.ee4 
on maternal and paternal halt aib and tull aib correlations are ;pre,eated. 
in table XXXII . 'fhe estimate of 0 . 38 based on the •teraa1 balt•ai'b 
eo:rrelatione may be a more reliable estimat _tban tbe ••ti.mate of 0 . 50  
baM4 on the paternal balt•aib eorrelation airuu, tlle t1due1al limits wen 
narrower tor the dam component . fbe estimate of 0 .43 based on tbe full• 
alb correlation may reflect lee• mapittoation due to aampllng es.nc. 
thie correlation was multiplied by two instead of tour aa tor the balt• 
elb corre-lations . The differences 'betw · ea tbe matet:1Ui�l halt •aib and 
the tull•sib estimate, may include some variation due to dominance . 
2 .  . 'l'be latimate of Re,Product.� ve Fitne•• 1n the koad §!nae 
The e1timatea ot reproductive tttne•• and reaiatanc calculated 
1n tbe broad senae were baaed on the reaulta fJf the experiment presented 
1n Section C .  Jleri tab111 ty 1n the broad • n.ae is based on the aeawaptlon 
that the phenotypie variance is qu.al to the add1 ti"• ertecta ot he'redi ty 
and environment with n.o correlation b tw en tbeae, two tact.or, (Lush, 2, ) .  
fbe aitllplest way in which di.ttereneee in re lty ·and environmeQt combine 
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their ffect on the phenotype i f : B /- . , where .- t; y ·are not measured 
in their own units but in terms of' their effect on the phenotype . Thell 
the pb notypi.o varianc e  { <S P2) is eq_ual to G a2 ; <S 12 ;.. 2 C ova � 41hi1 
11 the very simplest when heredity and environment are· uncorrelated ,  tmn 
tbe term "2 C ova" become• zero . The phenotypie van.a.nee -can then be 
separated into a portion due to individual d11'terencea 1n heredity an4 
that due to differences 1n the en viromae-nt to which tbe indi vi.duals were 
'l a2 · .  
xposed . !bu. , 
� 
s2 7- �� becQMa he ritab1Uty in tbe broad HaH , 
whic h 18 a measure or the· fraet.iOn of ( () P2 )  due to dU'fenmeee 1n tbe 
individual ' s  heredity . 
Tbe broad eatimates of the herttab111ty of r_ productive fitness 
were calculated from the result _ of the xpes:iment conwoted 1n Section 
C eparated b.y treatments and generation ah.own 1n lable XVII , By 
eeparating thea re eulta 1n tb1a manner, estimates tor the two treatments 
in tbe tir at and second generat,ione and tor the two ge11eratione eotrib1D.e4 
w•r poaeible . While the e estimates are not a& reliable •• tbo ae 
obtained. in the narr<i>w aenee , they should ;provide some indication as t.o 
t 1r validity . 
'?bere waa cona.1derable between aa well u w.1 t.bin generation 
variation in the DUIIU)er of progeny produced pe-r temale by eac h of the l2 
· rct,cea on the o p . p .m.  treatment. the perrormanc of the tiret generation, 
presented 1n Table XVII ., �ction 0 ,  raoaed from 71-,7  t or the Brookings 
( �) to 13 . 8  tor the ( y) race with a mean ot . 3  t.. 6 . 9 ottapring per 
female parent tor the l2 raoes . In the second generation , their perform• 
ance ranged from 11&.5 .8 tor the Brooking• ( 1') 36 . 4 t or tbe �eaon•B ( ,9 
race with a mean of 92.,2 o.tfapr1ng per female P4\nl1t � the Analyei-a ot 
11 
Variance of these re sults ('fable XXXIII ) shaw that the mean squar · tor 
B.aces was highly significant· ( P  .s.. 0 .01) in the first gene.ration and 
significant ( P  5 0 .05 ) in the second generation .. There was , however, 
considerable variation in the values for the be.reditary aDd enviromne11tal 
components between the two generation.a .  In the f'irst- generation , tbe 
hereditary component ( Bae.es ) was e ssentially tbe same as the environmen:tal 
component ( Beplieation.s X Bae-es ) ,  11he.reas in tbe second generation t.be 
environmental component was nearly four t-imes greater than ·the beredita:ry 
component . These variations a.re in turn re1'lected 1a the di.tferences 1n 
the estimates of heritability presente.d 1n 'fable XXQI. 'lbe first genera• 
tion at1mate was o .49 t.. 0.70 and the seeond generation eat·1111Ate, vas 
0. 20 £ o .J+7 . !he reduction 1n the second geqeration e stimate iaay be 
attribute 1n part to an increase of the environmental eompoaent . 
The performance of the 12 races on the 15 p .p .m. treatment exhibited 
a somew.bat similar pattern a.a �on the O P •P • • treatment, ._ The mean number 
ot off-spring produced 1n the f irst generation ( Table XYU ,  SeetiOn C )  
ranged from 58 . 9  tor the Brookings (!) to 0 .9 for the ·Cantoa-S ( ,t) rac� 
vit..h a mean or 19 . 4  I:. 7 . 1  for the 12 race.a .  In t.he aecond gene-ration , 
tbeir performance ranged f'rom 93. 4  for the Brookings ( ,t) to 3 . 3 tor the 
Canton-s ( I) race with a mean of 40 . 4  t_ 10 .. 6 oftspri.D;g per female parent 
tor the 12 races .  The Analysis ot Varian.ce ot these results (!able XXXIV) 
show that the Bace mean st.uares were highly significant ( P .5..0 .0l)- in both 
generat ions . The ratios between the enviro ntal. and hereditary compo­
nents in the :tirst generation we.re similar to that of the 0, p .p .m .  treat• 
ment , wit.h the result that the estimate f 9 f:.. 0 .  70 (Table UXYl ) is 
exactly the same as for tbe O p .p .m .  treatment,, ., In the second generation ., 
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TABLE XXXIII . MSAB SQUADS Atm COIIPOlll'!S OF VARXAICB· FOJt nRST � 
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** lligbly Significant (
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.,. 11ghl.y Siga.U:Lcant ( P .S. 0 .01) 
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1 ,061 . 37 
199 . 64  
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ho ver , the. beredi tary C<>llpOnent we.a •••rlf threfit t.ilf&es as peat •U the 
environmental component . An.· at te ot 0 .10 l O. l84 wa.e 4aleul&ted tor 
the second seneration reproductiVi pertormaae on the 15 p .p .m.  treat.ment , 
A comparison of theae estimates between the,. two treatmente 1nd1¢.ate 
individual <Utterencea in heredity may have been moN tmpertat on tbe 
latt r treatment • 
The greatest variation ill the eetimatea occmTed wben the re•ulte. 
of the two g nerations• tor eeeh tre-a nt wen combined. . !be perfcrmanee 
on the O P •P ••·• tNatment (Table Dll, Section C )  nnge4 from 108 �8 to:t 
the Brooking ( ,t) to 39 • 1 for t.be· Oregon-I ( f) reee vi.th a mean of 
63 • 5 t 17 . 4 ottspr:Lng per :fe.ale parent for the 12 racea ii 8n the 15 p .  p •••· 
tre tme�t, their pertormance renpd tnm 76 .� for the Brookings ( J) to 
2 . 1  for the ea.nton•S (,l) race with a mean ot� e, .6 i. 5 •-5 ottepri.ng _per 
temal.♦ pa:reat . !he Acaly,aia ot Yarianoe ot the.ee re· �lta preeeated 1n 
'fib XXXV show that the Rae Jneao SflU$.1"$a ror tae o p .,p .m.  treatment 
were not eipif"icent, ber�s tor the 15 p .p .m. treatment they w re highly 
atgnit'toant (1 ..i o .,01) . The Generation mean �• for botb � tmen�• 
were hisll1Y ei,nific·ant (P �O· .Ol) �. and the Baee X Oener.atS.oa _ an aq,uare 
vu highly significant {P 5..0 .01) tor the 15 P •:P•• •  treatmtDt .. !'be purfl• 
tlon diff rencea have be n diael.lSaed previou 1y ill Seet�n C . A compu-1• 
aon of the bered1 tary and enviroDMiltal c0Jap01Utnta f'o.r tne two tre•tmen'\e 
1nd1cated tbat per:tormanc« on the O P �P •tl •  treatrae,nt vae Wlueaced to a 
s.re•ter xtent 'by environmental dU'fereneea yhareaa on t.be 15 p •P • • 
tnatment hereditary difference · were more tmportan-t . Thia 1e , 1n turn , 
reflected 'by estimates cal.cul.at tor th treatment, . tbe eet1 te 
ealculated tor the O p .p .m .  t;r,eatment was o .o £ 0 .24 euid the e,et,imate 
tor the 15 p .p .m .  treatment was 0 .67 t.. 0 .82 . 
TABLE XXXV. 1IEAfl SQUARES AID COIIPODftS OP VABXOCI FOB RB nRBf 
AND SECOID GEIDA!IOI CCIIBIDD DPRODUC!Iff P.IBYOll1AIO 
01 TBB O AID 1.5 P .P .M. 'lRUIIID!S 
Source Degrees Ileen Squares. Mean Square 
of of CQlllponent.s 
Variation Freedom 
II I II 
Total 95, 
Replications 3 3 , 31.6 .63 440· .• '8 
Races 11 4 , 336 .02 1'- , 131 .61 ... 153 .23 473 .97 
Generations l 8o,"6 .26"• 9, 752 .(iOH, 
Beplicatic,ns 
X Baees 33 561 .20 4·50 .22 
Replications 
X Generations 3 4,502.88 52 .83 
Baeea X Generations 11 3 , .110 . 17 1,489.95-. 
Beplic·ations 
X Races 
X .Generations 33 �,541 .92 229.53 2, 54.1 .. 92 229.53 
** Highly Significant ( P..{0 •. 01) 
TABLI XXXVI . IDltilllLITDS OP BBPROl>tETlVE FftDSS ·OI TWO TDAT­
Mllf!S, 0 AID 15 P .P .N. SII.DDR 
Ge neration 0 p .p .m .  l5 p •. p .m. 
I 
II 
I and II 
0 .49 f 0 .70 
0 .20 l o .47 
0 .006 £ o .24 4 
o .49 t. 0 ... 70 
0 .10 l o .84 
0 .61 l o .a2 
6 1  Formula Used tor Calculating Standard E · or of Est.imate .. ✓ o �  /, 6F 
3 • '?he Estimates of the . Beri tabili tl of R siatance in the Broad Senae 
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The estimate s of the heritability o.f' resistance 1n the broad senee 
indicate that the d ifferences 1n the resistance .of the l2 races 1n Section 
C were due in pa.rt to heredity . The measure .of resistance was the differ­
ence in the mean number .o.f offspring produced OD the O aad 15 p .p .m .  treat• 
ments • . Three estimates were ea.lculated , one tor each geueration , and aa 
e stimate for the two generations combined. .  The mean squares ('fable UXYll) 
tor Races from whieh the beretd1 ta.ry components were .der1 ve4 were not 
s ignificant in either generation . !he e st imates presented 1n Table 
XXXVIII ind icate th t relative to the second generation ., difference& 1a 
heredity were more important in tbe first generation . 'lbe. e stimate tor 
the first generation was O . 25 t_ o .• 50 and the second generation eatiJ.nate 
vas o .o4 i_ o .24 . The estimate or 0 .,0.5 t., o ._ a( tor the two. generat1Q:na 
combined indicate-a the p•resene  of considerable environmental varianc:e . 
The components tor the latter _est.imate were derived from the Analysis ot 
Variance presented in !able XIX, Sectiou c ... 
The e stimates o� heritab ility ot reproductive fitness and rea1st• 
e.nce in the broad sense indicate that these traits are in part intluenc d 
by d.U'terences in heredity between individuals . file relat.i-ve 1mpo�ce 
o.f heredity tor reproductive fitne .. sij varied trom treatment. to treatment .. 
Environmental variation between the first and second generation aftec·ted 
the heritabilities of resistance as well as t . se· tor reprodw:tive t1tmesa . 
7 . 
'?ABU: XXXVII . MSA11 SQUAaES Alm CCIIFQIIBftS fB .YABLUfCB FOB nBS! 
















* Significant ( P-5: 0 .05)  
I 
0 .25 t. 0 . 50  
II 
938 -07* 6 , 407 .77* 
49 ,.43 3 1:04"9 .li.9 






1.33 .i3 119 .• 36 
405 .•  53 2 ,-572 .04 
l and U 
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DISCUSSIOB AID CCIICWSIOIS 
Selenium, a relat.ively rare element , is  present 1n certain areas 
in sufficient quantitie s to be toxic to moat a:peciea of farm aaima.l.a . 
Its presence affects growth and reproduction to the extent tllat .coneider•• 
b le  economic loss bas been sustained by f'anaera and ranchers in tbe 
affected a:reaa . The et:torts direeted toward f.indiag a m.eana of eliai• 
aating 'this problem nave not been entirely suc-ceeetul 1n beef' e.attle . 
The experiments presented herein were directed toward 1aveet1ga'tcing the 
application ot animal breeding practice.a to the eont:ro-1. et this prol,lell. 
!'be re ult& ot thea experiments indieate4 t.bat part or the variation 
in resistance found i s  hereditvy in orl&ill. 
The reaul.ta of experiments. C·Ondueted • SectiQlla A,. B, C ,  aad D -< 
indicate the presence of genes for resistance 1D an un•lected. popula­
tioa .. In Sections· A and B,  it was found tbat the 5 aaG lO p .p •. m .  tN&t• 
ent·a w ·re not toxic , wbezeas. the 15 P- •P •• • treatment was highly toxic . 
The results of the experiment• p�aentea 1n sections C and D further 
demonstrate the toxic effects of 15 p. p. • aelenium, ., 
The response of the unselected parents to the f"our treatments 
studied in Sect.ion.a A sad a exhibit a a.iJllilar pattern . In �- experi• 
ment p-re-sented in Tab·le I ,  Sect ion A ,  the parents on tbe. 0 P •P •-• · treat­
ment produced a mean of 6o.44 compared to 68.TI, 59 - 15 ,  and 28 .93 oft• 
..,; 
spring per female parent on tbe 5 ,  10 , and 15 p .p •. m .  treatments , res.pee• 
ti vely. ·The treatment mea1i.s tor a aimilar expe,riment, presented in Table 
V,  Sec tion B,  were 87 . 20 ,  88.68, 91. 51, and 64.0S offspring per f"e•le 
parent . These results show aom.e stimulation the � and 10 p.p.m. 
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treatments , and a .signitie:ant reduction at, tbe 15 p .. p .m .· trfftment . !hi• 
evidence indicates that 15 p-.p .m . aelenim 1a highly toxic to· this apeciea ,  
and tbat a threshold in toxicit.y i s  present bet-.en the· 10 and 15 P •P •• • 
treatments . 
Additional evidence ot tbe toxicity o:f the lS p .p .m .. treatment i s  
provided from the re ults of tbe experimenta preeented 1n Tab,les XVII 
and XXIII, Sections C and D .  '!he mean performanee oK parents oa. the Q. 
p .p .m .  treatment 1n 8eet1on .c vu 64.5  oJ'taprtng eompand t.Q 30 .• 2 ott­
apriag tor the 15 p .p .m .  treat•nt . Ia section D ,  the parents on the 0 
p .p .m .  treatment produced a mean of 135 .. 8 o.ff'sprlng .an4 parenta Oil the 15 
p .p.m . treatment produced a,.. mean of 52 .6 otfspriq per female parent., Iii 
both experiments , the 'freatment mean aq,µaree .were highly aip.it'tcan� 
(P  .!, 0 .01) . 
'lb.e reeul ta of the-, experiment• are in some re-apc1tCta •iailar to 
those oetailled in selenium -st�iee vi'tb rats u.4 poultry. The major 
dirference in this study QCcurred at tbe 5 and 10 lhP •JI'-. treat•nts .  
Praake e t  al . ·( 17 ) and Jiluuell ei al . ( 31) studying tae etteeta ot Mle •  
nium on rats and Poley e t  al . ·( 34)  in pou_l:try reported a direct relation• 
ship b.etveen the amount of selenium provided in the diet and the symptoms 
o-r selen1um toxicity ob&e:rved . !be observation ot the effect, .  of lO: l' -P .m . 
aelent\:181 or greater and tbe indie&tlQD ot tbreshold effeet between the 
lO and 15 p .p .m.  sele.nia concentrations 1n [· mel.ano4P!ter are similar 
to tho e reported in pGultry an rat a"udie • Poley et al . ( 34-) and 
.Y. 
Munsell et al . ( 31) reported eone.entrat1ona ot 10 &ad 13, P •P •• ·  in poultry 
and rats , respectively, affected growth ra°tJ reproduction, and inereaeed 
mor-tal1 ty. Concemin& the evidence ot a thresbol.d, the same authors 
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port vtdenee ot aimilair t t t.1Ga. In poultry, tbla leve.l vu to 
to be between 5 .0 and 8 .o P•P••• and between 13 •. 0 a4 18.4 P•P ••·  ta W• 
'fhe reaulta of the •· �lmenta p.N - n _ 11l Sectu.na A, •• c, d 
D 1nd1ca that t-be »e»ulatJ.on from which tbe panatal. a&iaple vu 4:vaVA 
t1a1.  !Aws , the tre :tment di.ti retleea were t1w nfftllt. � .. 1en1wa ecttng 
u a eelec"i ve agent ftl"W>rlng the meat na1.atant genet,ype . ·tu blSbl.1 
•"'11 ·ieant treatment dUterene•• lndtcaie tba tlw overall le · 1 ot 
rea1atance waa no� lliah 1u the or1&ioa1, atoek. �• 1n tum wutd 1D41• 
cate that genes lor resiataace, did not have � aelacUve u'VIIGtece ,ta the 
&beence ot aelenlvm , 
Bvideilee obtained rn 
in eta ·'111/AY hel.pfill 1n ln'terp:ret1ng the reault.e troll, theM e..,.lMau. 
Luria and Delbruck ( 27) •and Demenc (8,. 9)  diacuaa - tbe t'ladla& ot reaiatt­
t colonies or bacteria and the mutat1GD&l. patwro. wt· h vb1ch re•t•tat;ac• 
1e ccmterre . to these .coltmiea . It •1111.lar eh&Dia exlat.a la • more 
c lex orgaa.lam, it could 
appea1!'8ne ot Dia reaiatant et.ratn• o� bouaetlle betm interpreted 
by Doouanaky ( U} , the eoaae11:uen1c ot the populat.1 being a ratxture 
of relaU ly re•1atant and non·•reaiataat .-itype-. vi'tth tbft .letter aavtag 
a lecttve -.utage in t seaee o� DDT .  Thia MY be a ,art.J.al 
Cro ( 6) C-ODClu.ded frora b1 rea1.atanca 1a ' !· l!:!!e•ter 
tn1t1ally ftr rare, otherwiee t.be pojl\U& 
t-ion would bav, been res1atant . A partial explanat1• u to •h1' t.be 
le oaeerve4 that viru reals. t bacteria reca.mn a. certain au ·\arlee 110t. 
NquJ.red b t vinae susceptible etraine . 
ot 4tJCRer1aellte preaente 1a Sec'tion . I end C Sndlcate 1-bta v•l&tioD can 
be t.ranamltted to euocee4tng generations, tbo• not ta the •wr e-,ected . 
'the aul't.s ot the �nmeata preMOtd. u Seettoa a indteat.e ,Mlection 
progre1eed ., geaotypea ror repl"94uetlve fi1llleN• ti. n8lllt• ct �- two 
ra<t1on experiment pNteeate 1n ction c were tnooaclueive , prol,Ul.7 
aa th reeult ot temperature d1f'.t nan• occurrlng 1D the. laborator, 
t D � two a,mer&UQD8 . 
tae da• obtained tn»a the tbNnt nera'ttoa ex.,ertmeat. PffAD 
t1o B 1n wb1ch the llbaequent pert'orauce ot pareet.a WbJecte<i t.e 
var)'iaa iateael�l•• o� .- lecttofl we·re eOllplN4 wa aot, eonsi•te-nt. With 
the uawaptio  that aelect1on :tavore ·oaly U. �genot.ypea coaf•rra.na ntai•t• 
iateue laction on the seleD.lzed treatmen •· thlm ,were p,rodue 1>7 pannta 
aW>Jected to less intense or no selection . 
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The number ot G2 progeny produced on the 16 Parental Source -Treat• 
ment combinations by the o1 parents indicate ael.e,etion :fa"mred reproduc • 
tive fitness as vell as res-1stance .  The re sulta. of this e�riment (!able 
VII , Section B) show that parental source dif'fe.rence.s c.ont.ributed •re 
variation than treatment diff'ereace-a .  Tbe pventG .from the ·O P •P ••· 
source produee.d a me81l of 52 .4 otf'spring �ompared to 48.5 , 4.J .j, and ,59 .8 
offspring per femal.e parent tor the 5 ,  10 ,  a.ad 15 p .p .. m .• source-a . The 
mean s:quare for these differeneea were s.ign1f'ieant (Table ftll) . It 1s 
1nte.res.t1ng to note that t-be performance of parent:s from -the 5 ai;ul 10 
p .p .m.  sources were less than tor parents trom the O and 15 P •P •·•• eovee 
despite the tact that more o:ffs;pring were produced oa these treatment·a 
in. the ;previous generation . The treatment ef'f.eeta dit':tered froa the 
previous generati�n primarily due to the increased tox1c1 ty ot tlle 10 
p .p .m .  treatment .. A mean of 54 . 4  offapring was produced on the o. p .p .m .• 
tn1atment compared to S7 . 9 ,  47 �· 3,  and 44 . 9 of"t.apriag per female parent-
on the 5 ,  10 , and 15 p . p  .. m ,. treatments . The mean a1uare �or the·•• ,ditter• 
encea approached. significe.nce {P { 0 .05 ) ind1cat1ng the poaa1b1Uty ot· 
real differences being present . 
Si.Dee the P.arental. Source % Treatment interaetton was not atp.it.1• 
cant , selection in the previous generation apparently favored genes tor 
resistance as well aa those tor reproduetive f"itneea . The �eat,a on tbe 
O p .p •. m .  treatment produced a mean of 46 . 7 ot �pring compared to 61 ... 5 
offspring for paren�s trom the 15 p .p .m .  source. . TM• indicates selection 
tor reproductive :f'itnea.s occurred at tbe 15 p .p .m .  treatment in the pre ­
vious generation . The response of the par ·n s trom tbe t·ow- so�e• •OD =-
tbe 15 1> -,p .m .  treatment in41catea ,  however , t eelec-tion favored pnee 
for resistance· as well .  The l?arants from the O p .l) .m •  source produced a. 
an of" 37 .7 offspring compared to 41 .6,  48.2 ,  nd ,a .2  offspring per 
female pa.rent for parents fr.o the 5 ,  10 , and 15 p ... p .m .  SQur .ces . This 
increase was roughly in proportion to the intf,uaa1ty or paren .ta.l seleotion ., 
There was considerable variation in the performance ot parents 
from the 5 and 10 p.p .m . s·ources as well as in the erteete of the 5 and. 
10 p .p .m . treat.Dents on progeny produced by parents tr01& the tour aoure:ea . 
Since the 5 and 10 p .p .m .  treatments stimulated repro4uct-ton 1n the 
previous generation ., genotypes which contribated less resistance � poorer 
reproductive fi �ne88 may have been maintai'ne4 1n tbe population . '!he 
proportion of these less tavo,rable genotypes present. may be de»eadent 
upon such factors as the atate of t.he culture media &Qd laboratory tam. 
perat.ures at the time the experitnent. was ,conducted . 
The. number et s3 progeny p.roduee4 tor e.aeh o� �he 16 Parental 
Source-'lreatment combinations presented in Taole ll, Section a,. indicate 
tbe etfec·t.s of selenium were more severe th&11 in the previous generation . 
!he variation in the number of progeny produced by the parents rroa the 
tour sources was not significant, whereas tbe treatment ettect,e vere 
highl;y signi1'icant (Table 1). The parent.al source me&ns ot 32 . 5 ,  38.8, 
37 . 7, and 35 .0  offspring ;per female parent :trom the O., 5 .,  10, and 15 P•P ••• 
sources indicate no ad vantage regardless o-r prior seiec·tion hietory for 
reproductive ti tnesa . The treatment efteet.s ·ere siailar to tho se 
observed in the re-sul.ts of experiments prese ted in 41'ables - I and V, 
' � 
Sec tions A and B.  The eans o .f 33 .4,  44 . 3 , 40 .o, an4 26.2 otf'apring per 
female parent for tbe O, 5 , 10. and 15 P •.P •  • treaturents retie.ct the ,. 
s1gni1"ieant increase ot the 5 and 10 P •P .m . reatment over tbe O and .15 
P •P •  • treatment • The di.tt�rence between the O and l:5 P •P • • tre,a· nt• 
were also significant . Thus; the treatment et'teeta, were ,similar to tbo• 
observed 1n unse lacted populat1o-ae . 
The significant Parental Source I Tl"eatment interactiou iadi.e,ates 
progeny produced from pare-nts ori.ginallY auoJected w the ao.at seven 
selection pressure were le&s re ·tatant tbaQ p:roaen,y prod\:lced. trom parienta 
subJ.ected to less intense· selection . fbe tr$&tment differe•et• ,  partJ.cularly 
tor the O and 15 p .p .m.. treatments ,. were very ,saall tor parent• troia tbe 
o, 5 ,  and 10 p .p .m.  sourc·es,  whereas tor tbe �•nt.s f°rom the lS p .p •. m .  
souree these di:f':terene:e-s were s-1.gnit'icant . "!be a1pi1'1cant - 4.if:t"eren.c.e• 
are demonstrated by comparing t.be mean number o,t offspring prociuced by 
parents from these two sources on the O, ·5, l.O, and lS p, .p .m . "treatment• ·• 
Tbe means are as follows ; YJ.7 an 43 �7,. 31. 3  and -41 . 3, AI0 . 3  and )1. . 1, 
and 28.  3 and 20 .  7 .  ft.le absence or 8181,liricant treatment di.f"fuencea tor 
pan,at tro the O p.p .m .  source may be in part due to the pre·eenee. ot a 
streaa factor which dampened their perto-rmance on the O »•P •  • \reat.n:t , 
but did not at:t.ect their performance on the l� P•P • • t.re· taent . 1!he 
s1gaif1eant dif'terenees 1n performance o'f parents from t.be lS p .p .m .• 
source between the O an lS• p.p .m . treatments indJ.eate ae-lection · ln tbe 
previous generation may have f'aVQre.d reproductive. fi.tneu rat.her than 
resistance . 
'?be results of the two generation. experiment preaeate<l in -Section 
C are 1nconclu.siv-e aa to whether selection � ors re·aistance or repro-
uction in a aelenii-ed enviromaent . 'lbe aay have been 1ntl ,need by 
of this experiment (Table. XfII and XIX� S.c�ion C )  present both the me-a.a 
number of ottapring produced ;per teu1e panmt. np�aenttng reJ}n)4UCUve 
titoeaa and ditterences 1a tbe mean number off•.Pias pro4uc betveen ti. 
0 and 15 P•P••• treatments npreaent1Dg resi.atance . tbare va• coaa14-ra1)1e 
vari tion 1n theae two criteria betveen tae t'irat. aa aecond geaerat.lo1ua. 
Conaidering reproductive pertorraaaee, the paretita on �  O »•»••• wea•• 
•nt produced a mean of 35 .0 offaprlng eoapare4 to 21.,2 ottaprJaa per 
t male on t•he 15 P •P ••· treataeat. -lk>wever , in 'tot eecond geuerat.J.oa. a 
mean � 94. 1 ottapr1ng waa producei compared to 40 .. Jt. ottapr1Dg per t--.i., 
parent on tbe 15 P•P •••  treatment.. Mace t,he Gener t.lGD I Tftatamt an 
square wae higbly elpU1oant (P.i 0 .01) � a ditteret1al effect � aele'niura 
vaa pnaeat between the two genentiODa . file <lU'terencea ill reaiatauoe, 
exhibited a similar patten . There waa a --� dUterence 0£ 15 .0 ottaq,ri.Dg 
tor Use �irat ge.neration compared to 52.6 for� the aeCQDQ geaera\1oa . 
The reaulta ot tbflae two experiunt• peeeoted 111 8ect1oaa B aa4 C 
are ditficul t,. to lnwrpnt aa the renlt o� vifle gener, ti.on C!lttterencee . 
Tile evidence did not indicate whether aelect.ioo. ia . a •J.eaiaed aVU'QIIINat 
favored rea:latanee and/or repr0duct1ve titneae . ftleN wre ·aoae 1n4i..cation1 
however ,  t t the 4itterenc•• totmd may be tranamitted troa aeneratJ.oa to 
aeaer tioA. 'fbe condit.tona un er which tneae •�i-blellte were coD4ucte4 
may have cODtribute<\ to tbe vari tion• ol>MJ"ved . Ou eource � l>iaa may 
haw been tbe r ault of AJIPllng error,, •1nee only an oare•ly aall 
portion of the wtal of'tapring produced •• -.ieet;ed to be p,areuta tor 
tba next generation .  The ettecta ot temJ')Q'¥� ditt nncea bave been 
diacus-eed previoualy. 
reported in stwUea or DDT reaiatance vi t.h _. •1:-!!!P!•'-r. lv1deace 
that resiatance of the progeny is related to the aelectiob iateaait.y of 
the parents has been reported - 1n atudies or DD'.f . resis'tanee .. . Merrel aod­
Underhill ( 28 )  f-ound a relationehip between intensity of parental selection 
for DDT resistance in ! . �lanosaster and t.be ree1stance exhibited. oy the 
otf'spring . The number of G2 progen7 (Table VII ) produced by pareata \IBder• 
going varying intensitie·s et sel.eetion indicate a simU.ar relationship, 
particularly at the 15 p .p .m .• tre tment level . However, - the pertonaanc.e 
o-f the o3 progeny (Table ll) ind.ieates a general reduction in te-rtilit.y.  
Tlle mean of 36 .0 offspring per fema.J.e pareat in the 13 .generation compared 
to 51 . 1  o�fspring for t,he -G2 ref'l.ect the fewe:r number of ottapriog p�-. 
duced in tbe parental source-treatment c·Ollbinattons in the G3 generat1ou . 
A similar observation, though not 1n the exac� &it.uatton , baa l>een re-• 
ported by King ( 22)  in which be found a general reduct-ion in perl"ormance 
ot t.he F2 compared to the F1 an.a F3 genent1ons 1n cro·saea be-tween DDT 
r ·esistant and sueeeptible stra�us of !.·  zael.allOgaa�r It 
file.re were in·d .ieations from the resul.ts or expe.rimen�a. preaented 
in Sections A, B ,  and C tha-t non•linear interactions 'between genoty:pe and 
environment may be important. The re·sulta :trom these e¥per11llenta indie:ate 
that breeding for selenium reai.stance· J'/JAy oe a matter -ot tea-ting a variety­
or genotypes 1n a selenized environment and selecting the auperio:r geno• 
type 1n that environment instead ct aiaia.g toward a populatioll wh1eb is 
characterized l>Y a superior average genotype to all possible g .enotypes 
under all environments . Since eaeh of the e�rimenta were designed to 
test tbe effect of selenium on one or more raees ., a test. of' the Jleee X 
Treatment interaction was possible . Thi eractioa is by def1n1tion * 
a measure of -the fail.ure of tbe effects of lea1um on tbe races tested 
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to be l.1near , assuming each race to be characterized by a unique genoty_pe . 
The mean square values . for the Rae . I Treatment interactions teated 
in the experiments {Tables I and Y, Sections A and B} indicate non-linear 
interactions between genotype end environment between the ( ,') and (b ) 
races . However , for the o2 and &3 generations 
in Section 8, theae cU.rter• 
encea were not as pronounced � The mean tor tbe experiment pre:aented in 
Section A reflects the significaot ltace X Treatment meaa square (ifab le ti} . 
Tbe ( ,') ·and (b) raeea produced a mean of 67.0 aad 53 . •. 8 ottepriag OD the 0-
p .p .m .  treatment · and 28 .2 and 34 �7 offspring per temal.e parent on the 15 
p .p .m . treatment . For the e,x.periment pn.sented in Table V, Seetion B, 
. the ( f) and (b) races produced a mean ot 90 .8 end 83 .6 off.spring o.n the 
0 p .p .m. treatment and S5 - 1  and 72 . 1  otf'apring. per f"etnale parent on the 
15 p . p .m .  treatment . The mean square value (fable- YI)- for the 8&4-e X 
Treatment interaction indicated real d.Urtereneea may be preaent.. ID both 
the o2 and o3 generations , Tab;e.s VII aad IX, t.he Bae• mean ,qua.res were 
highly s1glif1cant , whereas only in the 03 generation di.d the Race X 
�reatment mean square indic :te the presence of genetic-envi:ronmeat,al 
interaction . T .be  re sults. trom these experiments indicate the (b} race 
may be characterized by the presence of genes for superior reproduct1 ve 
ti tnes in an un.tavorable environment • 
Tbe evidenc or an interaction bet-ween genotype and env1ronmaat 
in the e�riment presented in Section C may · in part due to environ­
mental differences existing between the two rimenta . The 'temperature 
ditterenee s  in the laboratory have been diacua d elsewhere . The et:tecta 
of the low temperature in the f"1rst gener ti n apparently att cted pertona• =-
ance to a great.er extent on the O p- .p � • tre nt than on the lS P •P·••• 
treatment . There was a mean of 35 .o otfspr1ng eomi,a.red to 21 ... 1 o1'fsp:r1Dg 
per female parent produced on- the 15 p •. p .  • treatment in the ti rat gen. 
er&tion. In the second generation, a mean ot '4 .. 1 o·f1"spr1ng vaa produ.eed 
on the O p.p . m .  treatment compare-d t.o 40 .4 ett·apr1Dg per temale Pfl"Dt. 
on the 15 p.p.m. treatment. These •ans indicate that selection illlposed 
by selenium may favor reprod.uct.ive fitness u well. u rea18tance-... 'f.be 
difference- between the two treatments in the f1ret generation may rep.re-• 
sent the effect of genes for reaistance .  However, all races d.id DO-t 
reapond 1m a similar manner to the environmental c'.banpa with 'the· rea.ult 
that the Race X Generation interaction was biply sipif'icant (Table J.Ylll ) ­
Some exaaplea of race differences between the :t1rst u4 second geaerat.1on 
('fable XVII ) are 24 .o and � � 8  for the (b ) r�e ,  31 .5 arid 29 . 1  ror the. 
Oregon-B (I) ,  30 .0 and 39 . a  for the ( vs}, and to-. t.be, (w&) 22 .,4 and 130 .• 8 
ottaprin.g per female parent . 
'fbe ans tor the number or ot"f'apring produeed on the tvo treatments by 
each of the l2 raeea is ;presented in '!able XYII , Section c- � Thie aignifi• 
cant interaction stemmed trom the ta.ct. that some -of the ruea were abo-ve 
the mean on both treatments , .ome below � meaa, and others approaebed 
the mesa on the O p .p . • m .• , but were well 'bel.ow the me-an on tbe lS p .. p .m. 
treatment . Some euaples or the race-a whose pertorman.ce was a'bove the 
mean on both treatmen'ts are tbe Brookings ( /.) �producing a mean -of 106 .• 7 
on the O p .p. ,m. treatment and 76, .,2 otfsprin · r:r female parent, on tile 15 
p .p .m. treatment, the (W8) produc ing 102 . 6  and 83 ., 4, ud tbe Ames-II (}) 
producing 72. 9 and 53 ,. 2  offspring per fe , ent. fhe race producing 
the least number ·of offspring on both treat nts but a.bowing t.be least 
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between treatment variation. was tbe Oregon-I ( ,'.}. producins 39 . 1  &ad 22. 2 
offspring per female parent . · An exaapJ.e. or a race wboae performance vaa 
above the meu. on tbe O P •P •  • treatm.en't and belo-11 tbe aeen on tne 15 
p .p •. m .  treatment was the ( e )  producing 81 "8 aad 1 � l  ort'aprillg per teule 
parent. The performance ot the Caaton.�s ( I) race 1 prO<lucing S2 • l of'taRriras 
on the O p . p .m .• t-reatment end 2 . 1  ottapring per taale pa;reat oa· -the 15 
p .p .m .  treatment., is an exampl� ot a race whose performance on the O P•·P••• 
was near t.he mean and wel.l belo:w the •• or the 15 p.p.m.  treataeat . '!be 
me.ans were 63 .2 for tile O p .p.m .. treatment and 29-.5 of:tapr1Ag per .femle 
parent for the 15 p.p • • treatment . 
Since there was so much variation in. the reproductive pertorunce 
between the 12 race s ,  a e-o parison ot ditfer�e •  in tJ:ae ae.an; number ot 
ott.s.pri.Bg produced on the .o p.p .m .• and 15 P •P·•• • treatmea-t.• 1a presented 
, in 'f&b.ie XIX .  Tbe race.a are ranked acco�dia& to the 1111gr11tude of theM 
dif'terences .  A coapariaon ot �bia taole- an4 Taole DII la vbich tbe .... 
races are ranked according to their reproductive pertomu.ce sbQve that 
these two criteria ·a.re not neeessv1ly re.lated . So examples of comp�• 
sons eetveen resistance and reproductive pertonaance are aa to.Uows: 
!be {b.) race vhie·h ranked fir t 1n re-aiatane,e rariked f'ourtb 1n reproductive 
pertoraance , the Oregon.-..B ( /) race ranked second ill re •1&ta.nee and ranked 
tenth in reproduct.ion, the Canton«S ( l) race ranked ten�h in reaiatanoe 
and ranked twelfth in reproduction,. and the ( e  race n.nk.ed tlrelfth in 
resistance and ranked sixth in re.production . T.be· relative pOsit..181la of 
. 4 
the l2 raees for the two criteria do not indieate genes tor re sistance 
8.lld reproduction are the sue . 
The mean squares ror llaees pre.seated in 11al>le XX while not.. a1p.tt1�· 
cant indicate real ditfennces may be p•reaent 'bet:weea tbe 12 races in 
their nsiatanc:e . The dtrtenne.ea ranged from 6 . 2  .offspring fo.r the ('b )  
race to 62 .7 otfsprillg per female parent Zor the f e )  race . •'fbe mean 
d ifference tor the 12 races vas 33 �-8 orrs;prtna per female· pveat. ·file 
positi.ons of the 1.2 rues in !'able UX do -t indicate aay relatioaah1p 
'between visible· morphological. ditterence a  end ne1.etau,ce •. 
'fhe five ( f) rac.ea tested exhibited aa JIUC:h v.ariatiOD 1a both 
re&istanee and reprodueti ve titne-ss as "t:he mut.ant.a.. Tbeir rau• ia 
resistance (fable DX) ranged :from .second to tenth . The Oreaoa•B ( I) 
race ranked seeond , the l1aes•ll third , the turtox (,'} f°Quth, ad the 
morpbolo.gi.call.y a imilar races ,  a w1d.e diversity et geaotypea 1a p:re&enih 
Thus , breeding for resiatence may be a •tter of aelec�ln& tboee ind1"" 
v14uala w-hi.eh posaeaa t,he genotype conterring tbe meet naiataae.e rather 
( !)! racee may have beea the re-sult of e.acb raee developin& 1 ts own 
un11ue pol7geaie a.7atem . Observations of a a111d.lar JU1.t.ure nave been 
made by nag ( 22 )  and Menel and Underhill ( .28) ta the-1r atudi&a ot DDT 
resistance in !. . iae laDop•ter . 
There were no indicat.ions .or a relationaatp ed.ating bet.ween body 
color and selenium re siatanee found ill thia •tudy . fl:ae three body eole::r 
mutants ,  (b ) ,  ( e } , and t r) ., exhib1te4 cona·ider · le va..ri.aticn in their 
reaistance . Tbe two dark body color mutant• , ( b )  and (. e ) , were reapec• 
t1vely the most resist.ant and susceptible 12 race a teated , and 
-ebe ( y) mutant was intermediate to these two mutants .  'the two dark body 
color mutaats would be -expected to duon•trate tbe moet re s1atance U tlleee 
color genes acted in a mam.ter- slmilar to the d&rk color genes in ••Sae ud 
beef eattle. Wahlstrom e.t, al. ( 42) and Di.nkel et .ai .  ( 10) report ob-..r• 
vatione of fewer symptoms ot selenium toxicity 1n the breeds of a1doe and 
cattle characterized by a black body �ior . flle: results or thia experi• 
ment indicated that body color aad re atstuce wen not. related. 
!here vaa no evidence ot a relatiOAahip extatcin.8 between visible 
morphological. differences e.haracterizing the aututs tested ud ree1atan¢e 
to aeleni . . The two eye color mutants, (wb1) aad. ( w8'). ranked eiptb and 
eleventh in their resistance . The (a) mutant - ranked ekth and tile :{ v.g) 
mutat ranked fifth . rtiese result-• are similar to thoM tound by l>r&tt 
and Babers ( 35) and Sokal. 8lld Bumter ( -0, 41.) _who attempted to correlate 
-<. 
pbysiologieal and bebav1oral 41:f"tereneea with .11DT· ree1..-t&ne:e in bouaef'liea 
and truit tliee. Tbeae workers concluded tbat. d.iff,erent systems. of DUf 
re 1stanc-e have evolved 1n se�te linea and "that, modityiag geaea tor 
tbe aelected trait tended to ellhanc e tbe eornlated trait rather than 
the aeleeted trait. 
Japanese workera have tound that gene.a .tor DD! re&iatauce in !• 
me!8Bopater :y be in c lose uaoclatioa w.1 th second ehroa:>aOJAe cut.ants . 
Tsukamoto ·and Ogaki and Ogaki and. Tsukamoto cited by Metcalf ( 29,) obtaiae4 
evidence that 0J1e or sev.eral ,genes tor l>Df reai•ten.ce •1 be liDked with 
the ( vg) gene. Additional studies by the -same " workers r,neale-d the gene a 
f'or JH1f re-aietance •Y be loc :ted aev tbe ¥a,atigal. ( 67 •. Q )  and .Seuc:>:rou..a 
( 66 .o )  genes on the second chromosome . The e econd ehronlosome mutant.a in 
thia study, (b ) and ( vg), 1 ranked reapeeti v: 1r-et and fifth ot the 12 
races teated . Also, these were the moat re ietant ot the seven utant-s 
tested. 
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Thus far 1 t has been ro�d 1n the exl)ftriment.s, dlacuseed tba:t -.. i,,. 
n1um exerts a deleterious etfeet on reproduetl.Qn . The report• of :i.­
n1um studies with rats and poultry indicate a sui1JAr etf.ect ,. !'ht.a 
aspect of the problem of selenium po1scmtng. bas eaueed eoa1s14er:al>le 
economJ.0 loss to the farmer and. rancher in the .rte;eted areas . S1Dc the 
r.elat\ionship of sex aad re sistane-e as1naaee eonaideral>le, illl])Ortaace .• 
Studie0s of the inb.eri ta.ace of 1n·seetic1de rea1stanee indicate. tlla-t. MX 
ditferenees in re: s.istance are not. presea.t . 
There have been repo.rts ot ;pa:seible sell dUte:reneea 1n eu-l)Ce;u� 
btlity of beef c-attle since .it bas been r.eperled that l.Rlll& ·ottea ·exhibit 
more severe symptoms of selenium toxic! ty th.ea . the cow.a .. Tile results 
obtained herein of the e'.f'tects of aelea:tum provide no- evidence of sex 
dif'tere·n-ees being pre sent . This was s:tudied by c.om,partng the ratio ot 
Tbe ratios appeared to be t.he re•ult ot imit vidual d:it1'erence. rat-her 
than treatme,nt ditferenee - ·There was , hove.ver , aome ev;ideae.e ot race 
differences in this ratio ln $everal of the· .experiment.a . 
�re were no ,s1snJ.fieant. d1f't'eNnces resulting from the ettects 
of the different concentrat.10:ns of selenium ®· the1 rat-.10• of mal.e to 
female of'f"&pring produced. 1n the experiments p,reseated ia Sections A, I ,  
c ,  and D .  The ratios of male to f°emale ort.apring presented in 11a'ble III� 
Section A, iruUeated a tendency :for a peat.er portion of mal.e oftsprin& 
to be produced. as the coneentrattone of sel.e-n1 . iiu:reased ., ·T"b.e rat.ioe 
produced on the O, ·5 ,  10, and 15 P •P• • tr.-.:;,•�w�ts . were, 0 . .,5)1, 0.94, 0·.96., 
and 1 .. 08 .  However, the Treatment mean square (·!'able ff) were not 
significant • In tbe thr generation experiment presented: 1n Section B 
ao sign1f1oant treatmeQt effects were preaent. 1be ratios tor tbe G1 
progeny pre ·sented in !able n did not f'.o·llov a eoas1Btent pat:tem . 1lbe 
ratios for the o ,  5 ,  10 , and 15 p .p .m . treatment-a we.re 1. .01, 0.99, 1 .05, 
awi o.92� The Treatment meea square tar thi& gener•ti<m (h'ble u·1') wa• 
not s ignificant. The ratios tor �be Ga P�1' p.re.-mted ln �able· nu 
were 1.00, o .92 � 0 .98., and 1.00 tor the o., 5 , 10, and 15 p .p ..,m. treataeatl ·• 
The Treatment mean square (!' ble UY) vu le&s tban 'tbe .lrror me&D 
acauare . Bovever, the ratios tor the o3 pneration ellblb1 te4 more varia­
tion than the previoua t-vo generations . The. ratios for th1a gene.rat.ton 
presented in 1' ble XY ror the o, 5 �  10, and 15 p ,.p .m .  treatments a:N 0.99, 
i . 21, 1.02 , and 1 .05 . t'Jle 'l'rE,atment mean s� (·Table Ul) b.uU.ce.tea 
the poe:aibility ot real. ditterences bein& p:re8$lt .  the resU:lt• o f  the 
experiment preaeated in 'fable XU ,  Seeti.oa e ,  ab.ow that a •Ugb:tly greater 
proportion or male of'f.aprln6 � produced oa 1;he 15 P·-iJ) •-·• · treatment .• 
The ratio• tor tbe O and 15 p .p .m .  treatment.a were Q •. 92 and 0 .• 99 .  the 
Treatment. me.an aqua.re ( Table XXI1 )  �vaa le•• tllan the Brror mean aqua.re . 
The ratios for tbe experiment presented ill ·rable Ufll , -Section D ,  
exhibited little variation . flte ratios tor tbe O and 1' P •P ••• treatments. 
were 1 .,00 and -0 .97 . The Treatment mean s:quare (ttable unn) vas net 
significant .  
'fbe ratio• ot t.he Ga and G3 progeny .indie.ate previous aelecti.on 
ma.11 have some influence OB this ratio. The Pai-ental ·source I. 1.b-eatment 
. � 
interact,ion was highly significant in the G2 generation , whereas- ill tlle 
a3 generation tbia interaction was not st if' ,!Dt • !'be Parent&l. Source 
mean square for the G2 progeny was not sigai:f"icant, wbereaa the Parental 
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Source X Treat t interaction �as highly aignifiee.nt aa show la Table 
XIV. The ratios of 02 progeny presented in !'able llll llov for each 
parental seuree at least one instance in wh1ch the prop,ortion ot teaal.e 
offspring produced exceeded at least two ·ataadard deviatf..Oa. fro the 
mean of the O and 5 p .p . •  m • .:parental source means . '?be treatment on vblch 
this event occurred was oot the same tor 'the )&re.at.al. aoure -•. Bor t.he 
parents from the O p �p .m .. aouree, their ratio on tbe ·5 p .p .m .. trreataat 
was 0 .87 co•pared to a mean of 0 .95,  and tor pareata :trom the 5 P•P ••· 
source. the .greatest devtatio.n troa their sour-c·e mean ot 0 .. 93 occvred oa 
tbe 10 p. p .m •. treatment with a ratiQ of 0 .85 .  The parents from the 10 
p. p .m. source exblbi ted the greatest D..r1at,1on in this ratio .. On the 0 
&ad 15 p .p .m .  treatments., each prod'litee4 a ratio of o .88 and oa the- ·5 and 
10 p . p.m. treatments the mt.1os were 1 .00 a.ad r.20. Tlae· mean t'or this 
parental source was O .  99 .  lbe ratios produced on 't:be$e treatments by 
pa,nmte trom the 15 p. p.m •. trea�eat were reversed. f:to1a the parent.a t'roa 
the lO p. i, .m . source • ·OD the -0 and 15 p .p . •. treatmen·ts the n.tio• ot 
the offspring were 1 . 13 and 1 . 20 ,  and on the S -end 10 P •P•••  treatment . 
the rati.os were· 0 . 92 ad o .88. The p,&Tental soure mean vae .1 .03 . !he 
ra-tioa tor tbe o3 progeny did not eD!bi� the variation found tor the 
G2 progeny . Wl th one exception for parenta originally rrom tbe O,  5,  and 
10 p . p • •  soureee and two e¥Cept.1ons tor parents from the 15 p . p  •. • source , 
tbe ratioe pre,sented in Table XV indicated a gr :at-er proportion of male 
ofTspring . Tbe mean square .tor tbe Parental 
ction did not approach sign.1:ficuee . 
There were in<Ucatioas of Bace diff'er 
urce X treat.meat illter-
Y. 
aent.ed in sections A, B,. ami c .  In the resul s q.f t.b ex.pe.riments 
sea in Section A, the •• ,aqware for Race• v.a. bi&blt ,aipifleaot.. 
The race meana were o .88 ror ·tJle ( j) raee and. 1.06 tor tbe (b)  rue. .,. 
(b)  nee con•iatently ;p,rocluceA a ere•ter propori1on ot male otteprina 
t.hatl the ( � )  race 1a the tbnre aeratioa �lmen� preaeted 1n Bte�10D. 
•· n. rat.toe tor the • i off• rtrtg p:ro4\1Wd ven o • .  , and. 1.10 tor the .• 
( ./,) an·.· (b) races .  Por the Ga 1resu1 thta ratio -. o.8' ,and 1.09 aD4 
o.V{ and 1 . 18  tor tbe o3 pnpmy.. In all tbl"ee gemtrallGU, � Race 
seu quve• were. higaly- e1pU1caat, but tbe lace X �t mNA ·IICJ.UU9 
vaa aot td.p.1ticaat . !fheae reftlt• ladieate tbat one � t-hlt obaNt.Oterlt• 
t,ie of the (b) race ·w • to p,toduce • greater proport1oa � male ortaprlQa. 
!-bare re •il,llU1cent 41:ti :re.ace:e 1n the rat.ioa or ale to t...i. ott• 
l'blN rat.lo• (fable XXI) l'Ug,.ed troa 0.80 tor tile ONgoa-1 ,( j) race to 
1 • . 25 tor the ( y) race . tu --. ratio tor tbe 12 race• waa 0�'6, vae.-. 
in � �rlllea�• at a.et_iea• A a4 a tlie 41t�•� • 1a thla rat.to 
J;>et.vea t.be hrtox (})· an4 the (b) racea wett btgbly eiga111c1at.. lu 
th1• · KP1Ji"lae11t. their n.ttoe were both 0 ,.88 .  Tbe rat1 • pl9duc . 1n 
tbltM experSaen'i• seem to be a _part.ioul.ar c:b&r&oteri•t.ie ot tm race 
aotten 41 aot a_pproach elgoitJ. ce . 
Tlll.W -rer there 1 no evideJlc• ot au diff'; nt11eea 1a tbs reaia\aDce 
ot tbe Pl'OPl'lY to •lent • �, tbl .POuib111ty ot • nll.,a euceptl• 
111'-Y being ·a aex Ua1 cbuacter ie :ruled- ut: . 
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reciprocal crosses 'bet-ween resistant and s�aceptible parents and cOlllp�ing 
tbe ratios of male to female offspring produced . U NX linkage i·a pre. 
eat , the heterogametic sex would be artected mre severely tllan tbe �­
gametic sex . The evidences obtained from making reciprocal cro.aaea 
between DM resistant and susceptible strains of housef"llea &Bd fruit t·uea 
how no evidence of sex linkage . • 
The ratios  of male to female oftapring produced by the tour mating 
systems 1n Experiment I (fable XXYII , Seet1on D)  were all within one 
standard devia�ion of one another. 'lbe ratios prod\lced by the f'ov mating 
systems are as followa : B X B 1.01 , S X S 0 .96, B X S 0 .96, aad S X B o .·98. 
The mean squares ror Mating Systems were not ai.gn1t1caot ('?able XXVIIl) •. 
These results indicate that usceptil>Uity to sel.en_i'Wll po1•onin,g ts not 
affeet,ed by sex linkage . 
However , tbe results of BxperiBlent II presented in Table XXIX, 
Section D,  in which the e.f:tect of ?'revious selenium history of the parent• 
was studied on tb.e.ee mating systems , exhibit man matt.ng system variation 
than ill .lxperi.ment 1 .  In this experiment, tboae matiage in which the 
female was the st1aeeptibl.e parent tended to produce a greater proportion 
of male oft spring . The ratios f.or the mating systems were aa :toll.ova : 
0 .92 tor tbe B X R , 0 .94 f"or the 8 X s, 1.04. �or the B X S, and 0 .90 tor 
the s X B matings .  Tbe mean sq1,l&ft for Mating Systems (Table XIX) was 
not significant . TM var1at1on in the ratios produced Dy parenta 1n tbe 
ditf'erent source combinations did not exhfblt much variation , •. The ratios 
tor t.he o X O w s 0 .94-, for the 15 I. 15 0 .95 , for the O X 15 0 �91 and 
1 .01 for the 15 X O combination .- The me·en a ue.r Xor P&rent$l source. 
eombinati-011 was not sigaif'ieant • 1'he interaction mean square tor tbeae 
two sources of variation did not approach significance . 
·sul t& ot st dyin the effect ot t trea n on tbe ratio 
of le to t·em&le otfaprin · ind:icate no Ute.rence aad no evidence at sex 
nee in both t aon-seleni&ed and selenised environments ate loe&ted. a 
'fb observations reported by Dinkel et al ,. ( 10) tbat wlle exhibit. 
ore severe symptou of selen:ium poisoning &IIMde 1t de!slrable to atwly the 
influence ot the aex of the re isten't or susceptible pa.rent on the n•i•t.• 
ance xllibited l>y 'the progeny. !ht• vu studied by compar1ng tbe pert'onn.• 
enc · of' four ting ayste , R X ll, S X S ,  B X 31 and S I B. to detend.ne 
what intluene , if any,, th sex ot tbe roa1atant 
·table XXIII , :ct ion D, in wbiell f.be. · pedormanee of tour · . t.ing ay tea• 
on two treatment• were compared indicate that .-h p 
e ,\&al e.a>U.at o� reaiatan-ce to t _ pro eey . filei:e were lao 1ndicat.1on 
troa thi.e x_per1 . nt tha hybrid vigor 
ance ot 0:tt pring. The slgnj.tieant ( P  5: 0.05 )  tin Syate11 meao •flWIX'e 
(Table XXIV, Section D) 1• retlee:ted in the ana to� the tour -.tin& 
,yate • The two reci .roe· 1 mat.1ap , a a end S x a,, produced a meaa 
S X S  mating& which prodl.le 
parent. . The pertormanc · 
75 .2 oj!'fepriag per female 
re.c1 rocal •tm.&• on the O P •P •••  treat-
nt e 1b1ted a sr ter aearee of hybr1 vtao than t.bese matinga oe the 
..,;. 
15 •P • • treatment . The 
p 
tiag ,on the O , ,p .. • trea nt 
tor the a X B and 110 . 5. o�faprin per fe l.e p t for tbe X s ma1;1ng. 
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On the 15 p ,. p  . m .  treatment , the reciprocal. •tia&• produc-ed 56 . 3  and 56 . 1  
offspring per female parent compared to 5,9 . 2_ and. 39 .9 ott·,spring pe.r 
female parent for the B X B and S X S matings . The results ot the se 
mat,ings indicate that the progeny produced from matiDg,a a which at least 
one parent 1s resistant may ,exhibit superior re.a1staaee to those in whieb 
both parents are suaceptib,le . 
The results of thi s  experiment are similar to 'those observed iD 
studies of inseetic ide resistance in boueetl1es and fruit, i-11ea . The 
reeul'ts of ree1.proeal crosses between D1JI resistant aad aueeeptibl.e 
atrairus. of bou-aeflies made by Barris.on. ( 16) show \be P1 progeny were 
intermediate in their reaiateace to the parental at.rains and the re aiat• 
ance of the F2 was quite variab-le .  !here was -� iadic-at1on from tbeae 
studies of a difference in tolerance traa�m18•1oa, whether emaaat-ing 
from matings between two resistant parent.e or bet.ween a resistant and. 
susceptt,ble strain . Si llarly , Crow { 6)  and fimerrtal et al... ( 33 ) tound 
tbe :r1 progeny produced from rec iproe:al eroese-a between l>Df reaistant &Dd 
.susceptible strains of' houseflies were intermediate to the resistance 
exhibited by the ir parents . lhlsvine and lhaD ( 4) found aiailar results 
1n their etudies of BBC re sistance in bouaef'l1e a . The abaeuce of sex 
d1ttere11ces in re.sistaace to either 1naectic 1de a  or seleaJ.ua 1a inaeete, 
may also be valid ro.r domestic a.nuaala aaawning. a 8iailar bered;J;tary 
mechanism.  
While the results of the exper imer.tt pre• ,. - t.ed in !'able IXlll , 
Section D ,  1nd1c·ate that each parent contributes an equal uaoun-t ot 
resistance to the progeny, the results of rime:nt presented in 
ffable XXV ,- Section D, indicate that the temal parent 1& more sensitive 
to the pre sence of selenium reproductive-wise than the ·l.e . lt w11:l be 
recalled from Section D that the non-selenized »-rents we.re obtained from 
the laboratory stocks and the selenized parents were obtained from stoe:q 
which had been mainteine,d. on selenium. for several. generat:ions . The means 
for the Parental Source combination pre11ented in Table llY show that the 
m tings 1n which the f'emal.e s were rrGtD. the n.pn-.sel.eniud ·toelta produced 
more offspring than those from the se lenized sto.cke . 'the ae.aa:s tor � 
O X O  and 15 X O  eombinatio,u were 43. 1 and 45 . 3.  eompared to 29 .0 aad 
36.6 oft·spring per female for the 1:5 l 15 and O X 1; �ombinationa . 2be 
mean square tor Parental Sources presented in Table XXft indicate theee 
differences may be. real . The means for the 0 :X o, 15 X O ,  and O X  l-5 
combinations compar,ed lli 'th tbe 15 X 15 eoJlb.iaa\1.on indi�,ate �bat :ttn.p 
1n whic h a't least one parent is non�aelerd.zed produce. m,an, offspria.& than 
matings 1n which both parents ar.e from selenised stocka -
Tbe mating system means indicate that tbe leve.l or naiataaoe ot 
the female parent bad c.onsidera.ble influence on the performanee of tbl• 
four matin.g systems . The · .ting& in wbieh the remale . e the res-1.atant 
parent, B X B and S X: B ,  produced 44 . 4 ·&ad 48 � 2  oftsprl.ng per temal.e 
parent compared to 27 . 2  and 30 . 1  .offapring per :remal.e parent tor 1-he 
s X S and B X s matings 1n which she was the suaaeptibl.e parent . The 
significant Mating Syatenrul mean &Q\18.N reflects the variation in per­
formance contributed by diftereaeea in the level of .re .a.iataaee• of the 
fe le .  
he ab nee o f  a significant Parental Source X Ma-ting Sys.tetn tnter• 
aetion indicate& tbe level of re .ai tanee vious e.xposure t.o selenium 
ot the female !)&rent plays an 1m ortant role • The performance of the 
tour parental source oombiaations xh1b1ted , with one. exception , a el.mil.al' 
pattern for the B X R and S X R- matings. For the J I Jt mating, the O X 0 
and 15 X O  combin tions produced a mean ot 52 .7 aa.d ,3 .8 otfaprtns per 
female p rent . Thia performance ia contrasted wt th that or the. l.5 X. 15 
and O X 15 combinations produc ing 39 . 9  and 31 .2  off'apring per female 
parent . A comparison of the performance of tbeae matings above that 
previous selenium history ma.y at:feet the temal.e to a greater extent than. 
the male parent . 'The S X R mating al110 e.Cib.1 ted a 10mew-hat similar 
pattern . The o X O and 15 X O coabinatiorus produced 43 ... 9 and s2 .8 otf·­
spr1ng per female parent aad the 15 X 15 combinat.ton producled g'f .O  ott• 
spring per female parent . The O X 15 combination however, proouced a 
mean of 64 .8 o!'fsprinS per temale parent . The �rformance ot this 
particular combination was superior t.o all of the parental source-mating 
system combinations. making up this experiment ,  
The performance or the S � s and I X S mati.ngs com.pared to the 
performance of the R X B and S X R . indicates the effect that aelenium 
may have on the reproductive performance ot th a.uacept,ibl.e female 
parent . The mean performance ot these combinat1ons tor the S X S matings 
were l9 ,8 tor the O X  O,  32 , 6  tor the 15 X lJ , 16 .6 tor the O X  15 and 
41 . 1  ·oft spring per temale parent ror the 15 X O combinations .  '!he 
variation in performance on tbe O X O  and 15 X 15 eomblnatio.ne indic tee 
so selection fo .r .reaietance may have occurred )..n tbe latter comt,1oat1on . 
Since the otfs-pring in this experiment were pr uced on 15 P •P •• •  aele• 
. r 
nium, the performance of O X O combine.tion may indicate the per:tormanc 
of the unselected susceptible strain, whereas ·heir performance on the =-
15 X l5 combination indicates the e:tfect of t i.r previous ael ction �or 
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resistance • The variation in pe_rtormance of -the O X 15 an · l5 X O com• 
binations reflect the effect ot · lj p .p .m. seleniwa on t.be pertormane ot 
the suacepti'ble aeleni&ed female parent. 
The pertorma.noe of the ditrerent parental source eom'b-1n t1ona for 
tb.e R X S ma.ting a:lso exhibited a similar pattern - The means tor the 
parent·al source combination.a were 45 .6  tor t� Q X O ,  17 . 7 for the 15 I 15 , 
26 .  4 tor the O X l5 , and 3Q . 9 otfapr1ng per female parent tor tbe l.5 X O 
combination . 'lbe variation between t.he O I O and 15 X 15 combinations 
indieatee the effect of 15 p .p ,m.  selenium on the r, pro4uc·tive pe;rform.anc.e 
of the eu.seeptible selen1Md :temale parent . While the d1t:tere-nce• wer 
not great between the O X 1, and 15 X O eomoinations , the superior pe�­
formanee of the latter aomotnation indicates t.ha,. more oti'aprins we:re 
produced by the eombinat.ion in wbioh the female parent • the non••el.eniae 
parent .  
Thus , recognizing 1nd1vidual variation wb1ca may have been due to 
chance , th results from this experiment indicate that t.he reprod\te.ti ve 
performanc of the female 1 more aenaitive to selenium t,baa that of the· 
male • J\lrtbermore , there were indications tu., the temalea trcam tbe 
susceptible strain were aff'i cted to a greater extent 'by e lenium tnan 
females fro the resistant trai1i . These results did not in 1ce.te pre. 
cisely at what at e this effect occurred , Thea result• may- have been 
t result of a aelenized female prod\lCing itber fever egg.s or a gre,a-ter 
proportion ot infertile e • than the non•selen. · · d female . In addl t1on, 
the po 1b1lity exi ta tbat larv produced from eggs laid by the eel.e-
nized female were weaker with con .. quently hi mortality before 
emergence .. 
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The performanc e o f  the Bo X B15 and the So X •15 eombinatione are 
of intere st sinc e these are the· combination.a which ma,- 'be expec ted to 
occur the mo-et frequently in the atf"ected areas , ••sum1na the pur-cbaaed 
a ires are ei th.er resistant or -sua.eeptible and are mated to resistant 
females •  While the performance ot tbe Bo X Jt15 combination wa• near tbat 
ot the experimeQtal mean , the So X. B15 eoxnbinattoa produced nearly twice 
as many otfaprins per female as the Ro X R·15 ·combbu,ti® • f:be superior 
performance of the So X ll15 may 1nd1cate the preeenoe ot epec1t·1c co•• 
b 1n1Dg ability, since by d•tinition epeci:tic combining $b1l1ty extats 
when the performance ot a epeoific cro11 ia euper1or t·o the averace o� 
ll poaaib.le matings in a particular populat.10.a . 
T.he perfomance ot the four mating ay.atef.\l• in which both parenta 
were from the non•aeleniced source (0 X o) were� Similar t o  tnoee roir 
Experiment I preaented in f. hlB XXIIl , See�ion ;o .  The performance of 
the reciproc al croa•e• indicated _t,he presence o� hybrid vigor. The means 
for the reciprocal croaees were 45 .. 6 and Jt.3 .2 ortaprllt.a pe·r temale perent 
an t he  B X :R &Qd S X S matings produced ,a . 7 and l.9 . 8  ottapring per 
female parent . The small variation between the reolproc&l croeeee and 
their approaching the pert,orunee ot the B X R 11at1ng 1 exactly the 
same pat.tern as found 1n Experimen t  I .  
The discrepancy between the reaulta of Bx»eriment I and the PQI'·• 
tion of' Ex:.p riment II tn which 'bot.h parents wi-e" obtained from non •  
eeleet d stocks and tho se ot Experiment I I  1n • ch  the parents were 
obtained trom iftereat tr atment aources •Y be the result of the ef'teet 
ot  prior selenium xpoaure impairil.lg reprod c powntial ot the tamale . 
Evidence of aim:U.ar nature ha been reported 1n ineecticide stu41ea. 
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Borton ( 32 )  and Pimental •� •i • ( 33 ). ,  working 1ndependentJ.y; concluded. 
from their reape t.1 ve studiee o .f. DDT r -aletance 1n t.be bOuaetly that the 
female pa.rent influenced tb. re-eistance of tbe progeny to a greater extent 
tban the male, but neither eoncluded th1• vae evidence �t sex lirutage . • 
The conelueion arrived at by C:row ( 6) from atudiea of »ff resistance tn 
�• m.elaaoeater that the two maJor autotomea @ntribute :en equal IUIOuat 
of re sistance , but that sex linked an4 eytoplasmie 0011tr1J>utione are aot 
importut, may be valid tor the situation 1n which both parents are from 
the 8 tr atment source . 
The evidence obtatned from experimeata 1n whieh the per.tormanc.e 
ot parenta was subjected to one or more gea•rat1oua of xpc!>aure to eel••  
alum indicates that elentum may have attecte4 t� re.prc>duc:t,ive potential 
ot these p rents. Similar evidence has been obtained from atudiea ot the 
efteet of selenium on reprod.uction in rats -.ad. poultry . the obaervat'ioa 
ot Pranke and fully ( 14, 16) and f'ra.nke 4'� al . ( 15 ) on the ma.iu:ier 1n 
which elenium ettecta hatch1ng percentage in poultry . -.Y also be a;ppli• 
cable to the results tound in this ,tu4y. The findi.n.p -of Veat1'all ( 43 )  
studying the placental tranemi&sion ot selenium and loMnteld an.4 ath 
( 36)  atudylng tb.e ettect or cutter nt lev la or selea1Wll on reproduction 
in the rat may in part help interpret these rea\llts . !here vae ev1dence 
of placental tranllliea1G:n ot ,selenium in the female rat and tbat levels 
of 7 .5 p . p .m .  selenium reetricted reproduction 1n the female but did not 
atreot the fertility ot t�e male • 
The diacu don thus far baa oeeri concerned with apee itic aapects 
of the general ;problem cat selen1ua toxicity . '.f ! raneber in the atteet. 
are.a ,  however, will rarely have an opportunity t.o c:.onaider each of t.hese 
ot 
iYidual 1• t 
prillar1l.y upo t 
w n 
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A large component of the t:ra1t 1dentit:l d aa �pro uctive· titneae 
herein may include egg production . Coneequently, a largo proportion of 
the variation found herein may have been the result of 41tfe;rencea. in egg 
production between indi viduale . The eetlmatee of reproduoti ve ti tneea 
ealculated were in relatively eloae agreement with those obtained in studies 
or tbe herit. bility ot eu production in poultry-, Ler?1er { 2·) ) ,. aummar1ziag 
the results of veral studies of this trait 1n poultry , report.• es:timatee 
ranging from 0 .29 to 0 . 35 .  
The second concept -of heritability ia that ot heritability in tbe 
broad sense . The function of the genotype •• • wait w1th1n the in<lividua.l 
is considered her1 tab:111 ty 1n the broad .eenee . It 1a used in t.hia raaune:r 
when contrasting the heiitdttary variation with t� environmental , lovever , 
the genotype 1s not tran mitted as unit a .a the result of aegregation and 
recombination . Com'binations wh1oh may produce certa1u ettects 1n the 
parental generation may °'11Y b ·  t;ransmitted in »art, if at all.  !hue, 
the eaaential d1fferenae between heritability 1n the 'broad an4 narrow 
sen e ia that the latter estimate· includes only the n1c variation ( 6G2) ,  
whereas the former est te includes the hereditary variance from all 
sovoes . The second metbod of c loul.ating ber1tab111ty w.aa tor the pur• 
pose of providing an 1nd1eat1-0n of the valid!. ty of the eattmates 1n the 
narrow sense . 
The estimates of nproduct1 ve fi tnees 1n �he 'broad senee on both 
the o and 15 p . p .m .  treatments indicate a relatJ. ely la.rs proportion ot 
the total v riance was contribut d by d1tf "noes 1n heredity between 
indi vid.uals . The st1mates ot reproductive :f es in the broad aenae 
10 
w re generally in the eame ran e aa the stimatea of reproduetive titn,aa 
in the narrow sense . The difference • between the atimatea of reproductl ve 
fitness 1n the narrow sense and tbe broad sens DMIY include uneontrolle4 
environmental variations since the eJtperimente from which the two types of 
e ttmates were calculated were not oontemporary., 
Th Analyses of Vari.anee from which the her dttary eompone:.nte 
(B ce·s )  0£ reprodueti ve fi tnes.a and the envirorunen:tal oomponente -(Error) 
ar presented 1n Tab lee IXXIll ead XXXIV, Seet1ea l • 'lbe d i;.a trom 
which these estimates w re ca.lcl11Ated were ,obtained trom the twQ g nera• 
t1on experiment presented 1n Section C .  The eatimat.es were c•leulated 
on an intra�ser:ieration basis in ord r to pr wn� the introduction of 
biaa resulting from generation differences . Estimates b eed on the eom• 
. . . 
bine reaalte Of eaoh generation were also calculated to study the 
influence of generation d..ifterencea . Tbe pattern of the st.be.tee 
indicated the reprodacti ve perton:aanoe in a non-sel.enize.d environment ie 
dependont to a reater extent upon envir·oruaental ditfe.rencee ,  wbereM 
1n the aelenized environment hereditary dif'f reneea between 1ndi v1duals 
appear to be more important . 
'fbe ratio between the bered1tary 844 env1ronmeatal components 1n 
tbe tlrat generation tor the O and 15 P •P -• • t:reatments presented 1n 
Tables XXXIII and XXXIV, Seet1® a,, were es ntiall.y tbe eame .  Thie 
indicates that 1n the f1ret generation , irre peet1v ot treatment dlfter• 
encea ,  hereditary differ nces between 1nd1v1d · , a were equally as 
JI, 
important . In each eaee, the alue of th hereditary component varied 
little from the environmental comiponent. T 
euh treatment indioatee that her d1 tary ditterences between 1rui1 v1duf.ll 
107 
contributed approximately half of the total variu.oe . It will be ncalle4 
from Section C that the treatment ditterencee in the t1rat generation were. 
not significant , apparently as the r ault ot unfavorable temperatures .  
The probability then exists that tbe unfavorable environmental c.onditions 
exerted a more sever test of the genotypes making up this �ticular 
experiment than did 15 p .p.m . selenium . Thia eonoeotrat1on ot selenium 
was found to be highly toxic in Sections A, B, C , ,and 1). 
1n the second generation, the ratios f"or each treatment exhibited. 
• wi.d. ly dive rgent pattern . Table a XXXIII and XUIY, S&etion I, ehow 
that environmental ditte:rences coatrib-uted a greater proportion or the 
total variance on the O p.p .m . treatment , whereas on the 15 p .p •. m ., treat• 
ment the opposite ,occurred . The considerable in�reaae 1n the environ• 
ental contr1hut1on tor the O p .p .m .  treatment in thia 8 nerat.1on indicates 
the marked increae 1n reproductive performance was due to this factor 
and not to genetic in�l.uencee. tbe estimate ot 0 .-20 i. o . 47 tor this 
treatment indicates that only 20 pe:reent of the tot.al variance was con• 
tributed by hereditary ditterenc .a compared to nearly 50 percent to� the 
first generation . The ratioe for the 15 p . p .m .  treatment 1.n this  gene.re• 
tion indicated tbat selenium exerted a much. moJte severe test on the geno-. 
type• despite the more tevonble temperature conditions . the e etimate of 
0 .70 £ o .BAt. indicates that 70 pe:reent of the total. vvianoe waa contrl• 
bute.d by hereditat.ry d i:f�erenc 8 eompared to a_pproximatel.y 50 percent in 
the tirst generation . 
A comparison .. of the her di tary ·and environmental component• tor 
t.wo generat 1ona combined. ( Table XXXV ,  Sectio i bow that nv1ronaental 
1fference e  exerted a mu-ch greater effect on t performance of parents 
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on th O p ,p .m . treatment than tor those on the lS p ,p .m .  treatment . ·tbe 
estimat for the two generation combin d on the O p .p ,m .  treatment was 
o .o6 £ 0 . 24 which indicate s that tor the tvo gene:rat.1ona only ·aix percent 
of the total variance w due to heredit-ary d1:ttereneea .  On the Qt.her 
hand , the estimate ot 0 .67 l Q .• 62 for the lS p .p .m .  tre•t &.t indicates 
that hereditary diCterencea contributed 67 percent ot -the total variance 
in the two generat1ona . 
Theee ea:timatea deap1 te their wide atandard errora indicate that. 
ditterencea 1n heredity between indiv1duala aae\Ul'lee eouiderable 1mpor• 
tanee particularly in an untavorable environment .. A comparison ot· tbeae 
e ti.mates with those obtained 1n the narrow sense inc:Uoate that a rather 
substantial portion or the variance may be d.'Ue 1-f additive acting genea . 
These e stimates ,  however , demonstrate what may occur when wide env:1.ron• 
mental variation is present . The proportion of the heredit.ar1 variance 
to the total variance wae essentially the same for bot.a treatments in 
the f irst generation . In the eeco11d generation , however , this relation• 
ahip chan&ed apparently as the re ult of temperature diff reneee .  �he 
ratios between ·t.he hered1tary and environmental component, tor tbe two 
generat1ona combined on ••ch treatment turtber de:monetrate the effect or 
nv1ronment on the ratio Qf the hereditary variance to the total varianee .. 
The •&timates ot beritabillt.y ot re,iata.nce in the broad senae 
exh1b1 ted conside.rable between generation cU.ff"erence,e . TheM e stimates 
we calculated on a w1 thin generation baeta as U as tor two genera­
tions combined . The Analy'aea of Variance and components of variance 
present d. 1n Table xxxvtI, Seotion I ,  wer c � ted from the data pre • 
sented 1n Table XIX, section O * A comparison t the compon nte of 
variance for each generation ind.icates th t th• ller d1t.ary contribution 
for the first and second generations vaa esnnt1al.ly the ,ame . However, 
the environmental component in the aecoud generation wa•& approximately 
six timee that ot the tiret generation . Ae a result ,. tbe tirat g nera• 
tion estimate of 0 .25 I:. 0 . 50 wae approxim.at ,ly au timea that or the ooon4 
geG i-&t1on atimate ot o .04 t 0 . 24 .  When the. reeulta of the two gener • 
tions were combined, aa e stimate of O .o, l O .  24 vae obtained .  '!he com• 
ponenta or variance tor the latter e stimate vae obtained from t·ne Analys1e 
ot Variance presented in hble Xl, section C .  The generation d1tterences 
apparently reflect environmental var1Ation rather than cb.angee in gene 
treq,uenc::y re sulting rrom one generation aeleetion . 
The. wide standard error a1 sociated w1 th .these eet1matea 111111 t 
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their v l1d1 ty . Two ot tbe tbr e e stimates ot resietanc e calel.l:la'ted we1re 
1n tb.e ea.me general area as reported tor d1se&ae reaiatance in poultry. 
Lush et al . ( 26) , in a study 1nvolv1ng more than 20., 000  leghorn hens 
uaina di ctly ooaerved i>ercentage , obtained e•stim&tea ot O .083 tor 
re s1atanee to total 110.rtality., 0 .053 tor ree1atano . to t he  l uooe1a com• 
pl.ex, and 0 . 034 tor r a1 ta.nee to death from other eauaee than leuco:ai.s. 
A euming a a1m1lar mechanism. may be involved for selenium resistance aa 
in di•&ea· reaiatanae , selection tor selenium ree1atanee alone may be a 
relatively a l.ow proce•• • The 1nd1ca�ion that environment may play ·an 
important rol in the exprees1on of selenia reaiet-.nce may be � con• 
aid rab le s1gnitic&nc to the br der . 
The at1matea of heritability ot reproduoti v ti tneaa and resist­
ance preeented in Seetio11 B indicate tbat at ,. t a part. of "the variation 
found 1n Seetioaa A,  I ,  C ,  and D ia due to cliff rence 1n heredity between 
:uo 
indi vidu ls . Since at le t part ot the v riation toun here in  was due 
to hereditary d ifferences ,  'breeding tor sel n1um res1staru:e may be teaatble 
in areas where the use ot prevent-a.ti ve agent.a are p"e lud«.d by management 
factors . Once the breeder bae dec ided th t bretding for resistance is 
worth the effort , his next step ia to utilize swh methods which will 
yield the maximum pngresa with minimum eJlpenae . The prop-es& be achieves 
will be dependent upon the amount o"t geaio var·iance , 1 .e , , heritability 
in the narrow sense that ts  available . There are several taetora which 
may cause heritability to be low . Among those U·eted b;y �•h ( 25 ) are 
low genie variance , the ettects of dominance and epiataaie , and genetic 
anci nv1ronmental interactions . The degree to which eacb is prese·nt will 
to a large extent determine the ehoice ot the \)�eding syatem and selection 
program . 
The d1tterences 1n the estimate a or reproduet i  ve :r1 tness in the 
narrow and broad sense on the 15 p .p.m.  treatment 1ndioate that b.eredi• 
tary ditterenoee between ind1 viduals are more imPortsnt for reproduoti ve 
fit.ne se than tor selenium resistance . Thus , one of t.he reasons why the 
heri ta'bili ties ot resietance were low may be due to the :tact that li ttl:e 
genie variance ie present . One reason why · genie variance may be lov 
is  that gene-s vb1ch cont'er resistance may ex1et 1n a neutral state or 
e.xh1b.1t a aelective 41aadvantag 1n the absence ot selenium. 'tbie baa 
been postulated in studies ot insecticide reeiatance . Since the 
individual must reproduce betore resistanc or c:ept1b111ty can be 
eltpreased, genotypes conferring superior reproductive titn as may also 
have an add.1 t1onal function ot Kpreesing re ta:· ce in the a.pproprlate 
environment . Thus ,  pleiotropy may b 1nd1ce:ted. 
lll 
Attempt t correl ttna c. rtain phya10al attri};)utea v1th 1n•ct1.• 
c14e r s-iatonce have not pi-oven · ntirely eu.ccea·•tul, wnere a at\ld1ea ot 
d ieeaae · aistanc• 1n i,oultry heve 1nd1Cated t t rea1•tance to the 
louco•1• c • · · lex and oon•t1 tution -.y be correl t.-4. ·web et . 1 .  ( 2') 
repone .· a corr la'li.on or I, o.,- b tween na11tuoe to tm 1eucoa1e eota• 
p:t.x an n•i•�anc to -de th tro c;,tber cauae• . .fUJl\1.lai-ly, Butt .an4 
Cole ( 19) aeleeting tor reeistanc.e to '-be leucoei.a complex tound t· -- t. egg 
produet;1on and v1ab1U. ty iap:roftd concm-rent,l.y. In tb1s etudy · pheno• 
typl·c correlation ot ; 0 . 32  w a towi<l betwreen re l'04uct1ve titaesa 4 
re•1•t e in the exper nt preaente · 1n Seetten c .  lw11recrt evidence 
w • Obaerved. in the expert ·• 11te » reMnted 1n Sttct.1• D that parental 
vit ·l ty and rep1'04uctive perfonaance on the .is · .p.m. tr••t nt ma, I.le 
relet.ed . It will 'be recel.le4 trom lxperi•nt I t.hat tbe ll(p,e.r1naen� X 
Tnataent 1nter ctlon •• equare aa highly a1guir1c&tlt (.p i 0 .01) . 
'table XXII shows t t,  tor ootb bpe:riaente A and 1 1 the per.ton.nee ot 
tour tin aytte on t O p .p • •  tre tment v s not. atteetei by 
» n l. atoclr. dltt-erencea .  11ru1a"W1r,, OD the 15 P•P•  • trea nt, the 
tox1city esh1bite by thi tre nt in &xperiDtn A vaa auch mon N 
tban 1A Bxplriment a. Th1• vari t1on y have Mn tu reault ot 4itf'eJ-• 
nee• tn ,-rent l v1 -· 1 · y 11nce the pare_nt,a tor IJCper1-at A were 
T ranober • a  CbOS.oe of 
laboratory atock• • 
. will be ependent upon 
ll�tbe -tr .  t 1 ·· higbl.y 
t ettec-ti ana of 
eeleetl tor reaiatanc• • On t.be other hen , . low berit b111,y ot 
t. t only a all gaia in proare•• 
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is possible . It could mean that the he redi tar;, -variabil.1 ty is due to e 
large number ot minor factors and that the favorable all le is generally 
the uncommon on • Thus , p0tenU.a.l prognaa may oxee · d the current limi i .  
Under these conditions dir e t  ob�rvati.on will g1v only a .small qlue ae 
to the individual ' a  trantmltting ability. Preliminary selection baaed on 
attention to collateral relative followed by _ eel ction based on a progeny 
test may be the moet effective un4 r tbes.e condtiona . 
Dominance and ep1a.taa1s may have contributed to the presence O:t 
hybrid V'igor in Experiment l ., Section D .  It dominance and ep1sta.s1a 
contribute a large proportion to the total variance , a reduction in 
heritability would result . As 1n the ease ot 1ow genie variance , direct 
obaerv tion will give ltttle indication a.a to t� ind1vi.dua1 • e  tran8Dl1tting 
-< 
ability . W.re dominanoe 1• impOrtant; preliminary ee].ectlon should be 
based upon the per:tormanoe of eollateral relatives toll.owed by aolect1on 
baaed on a progeny teat. UltimatelYJ as the program continue ,. a greater 
proportion o:f the total variance w1ll become dependent upon. the rare 
reeeasivea present . At 't>hia point an inbreeding program will become 
necessary in order to uncover the rare re-ces 1 ve • lnbreeding accompanied 
by seleet1on will alao be important where pist,atic effects are pi:-omirMltnt. 
However , it will beoome an 1ncrea .in. ly important tool since the ult1mate 
goal is to develop line• which ar homosygou tor so special eombin tion . 
1'be amount o� additive var1a.nce present in addition to the epist.atic effect 
will determine the torm of inbreeding. If a l · proportion · ot the 
variance 1 ad.di ti ve , line breeding may be th most important . ,On the 
other hand , if little of the variance is addi , those forms of inbreeding 
which erea as many partiall.y inbred lines ae poesible may be indicated. 
U3 
An oeoae1cmal outcro•• may b oecea__.,. to lllllintain \be 4••1 i. l ·ol 
» uction . 1D ad<li:t1on, V!len- overdOalnuc• 1• 1JQortaat. croHI.Da ot 
tu linN to ta,eter atoou may lMt neceaaary. 
'lbe tiaal tacwr 1fhiob raa.v eaue ber1taib1Uty to be low ta t,11e 
ln:teractlon betweu tMtr.41t7 uc1 eavlroDMDt. • fbe vartaace ooowthut.e 
b7 tbit illt.eJ'IICtlon may· · . ollt14enble ia;,orUnce ta a ■tmy ot tM• 
Ga'\Uft • the only way to tend.Ila t,he indlV14ual'  • ftail'tance or IUICept-1 .. 
biUty 1• by te•\iag l'lt ta. a aeleai.ae4 env1rol111Ut • the ilQpol'tUCe ot h11 
iaieneUon can be aaoena.1ned lJy teetina NtPNNnt&\lw• ot the .... race 
••lenised . A teat 
ree\llta ot the e-,.rilleat.• pre .. ntu in Seotloaa A, I,. C 
1 '8ate that .t.nterac�ion• ·t -» beNUty U4 enViroDINnt ve ,re1en\ 
t01t ni,ro4uctive titaeu . With tbe uceptiOn ot the Ga e4 o3 pnera:tS.oae 
la .c loo a, the Rae• x 'beatme , 1Dte-rac"ion me equa:ree wn aignittc . :r, .  
the ittenacea 1n .-notne an repreaenta by ti. nee• Ule4 1a tJae 
e-,.r1Mate aod e'tirOiaMD.tal Utt nao • 1>7 tbe •leaiua lreataenta. 'lbe 
aipUloat iAtenatSOa• realt · tl"OJI a, . 1ttena\ial i.twl ot ftprodu.e�iw 
to t • · interaction · tween noea 
to tbil, 1tt•nnt.u.1 reproductive pertoraance 
-.vo aeneratlOaa . 
• indicat.ea · 't,bat. • 
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The presence ot the ·signitieant 1nteract1.one bttween · races and · 
treatments and races and generations may explain the wide vartation in 
the stilnatea ot the ber1tab1lity ot reproduetive fitness and reaietanc 
in the broad 1enae . Since tlle estimates in the oroad een• are e,eaentiallY 
oontraating the hereditary with tbe . environment,al 1 the r,at1o between 
tbeae two waa atteeted by treatment ditterenees within the same experiment . 
Bow ver, the laboratory temperatures which varied between the t1ret and 
second g neration also. affected this ratio . Conseql.lentl.1', tbe ratio of 
the hereditary- varianc:e to the total variance tor each treatment in the 
tirst and second generation• exbibi ted a widely d:l vergent patte-rn . Thia 
ettect wae also presont in the estimates ot the ber1tab111ty of resistance .• 
Th1e type Qt interaction may aa,wne consi�rabl.e importance in 
breeding to.r aelenium re-s1stanc.e ainee the pre.-ence of selenium may be 
neceuary tor the expreeaion ot genotype• conren-ing neiatance . Under 
these eond1 tion , the optiJJl\\Jn method ot 'breeding tor re•1atanae will be 
the t ating of a luge number ot s notype• 1n the environamt 1n which 
they are to l>e kept and pr serving tho which manite t the desired trait . 
to a 111.1perior degree . J-ollowing this, weighing empbas:la on :lnd1 vUual 
aeleetion b1 pedigree or progeny testing while working on the broade•t 
genetic ba•• may be neeeaeary . When. progre. e •laekens , further advance 
may be pcaai'ble l>y d velopment and croeeing � inbred ltn s .  
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The purpose ot the experunenta presented. beretn waa to atudy the 
inheritance ot selenium reai ·tanee in the fruit fly, 11'9.9<?J?h1lci. meluo• 
gaster . 'Rhea atudie • v•re inati tuted to complement a atu4y ot a aim1lar 
nature being conducted with beet eattl-e in a known aeleniteroua area 1n 
South Dakota . The criterion u,ed to measure selenium toxioity was the 
mean number of ottapring produced per tema1e parent . ·'fhe experiments 
preaented here i n  were desigia d priaarily to study, ( l) tbe tox1�ity ot 
various concentration• of •elentum, ( 2) the ettect of different ae·lectioa 
intensities on subaequent performance , ( 3) race ditterenees and re s1at• 
ance, ( 4) the intll.lence of sex on res1atance , and ( 5) to obta1n e etiutea 
ot the he ritability ot re·produetive ritnesa on nim•telenized and sele •  
sized treatments and estimates ot tbe hertte.billty or re ,istance . 
The toxicity ot tour sele nium treatments ,  o ,  5 ,  10, and 15· p , p.m. , 
waa not linear . The 5 and lO 1> -P «111 - treatments did no•t result 1n any 
apprec iable degree of tox.ic1ty . Tbe - 15 P •P •• •  treatment waa f'ound to be 
highly toxic in nearly every experuaent. It was conc luded tbat a three• 
hold in toxicity was preaent between the 10 and 15 P •.P•Dl • treatmeute . 
'!be rta.eul. ts of a thre a•norat1on experaent conducted tor the 
purpoee or studying tbe ubeequent ptrformanoe of pa.rents •ub.J e ted to 
varying 1nten ait1•• ot aelectlo n  indicate that reproductive performance 
in a eelenir.ed environment may be in part due t.o d1f:ferencea in heredity . 
Preliminary experiments indicated t.bat tbe parental ;population 1• com-
prieea ot a mixture ot relative ly resiatant suec·ep-tible 1nd1 vidual• . 
'lbere vaa no eoneluti ve evidence as to whether eleot1QO favored reproduoti ve 
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fitne a or teaietance trom tbe ee experiment• einoe in _ one ge.n•ration, -it 
appeared that selection had favored both, whereas the results of the 
subseq,"-nt generation indicated that only reprodueti ve t1 tn as bad been 
tavored -
tbere were highly s1gniticant race differences present for repro• 
duotive J>Orf'Ormance on selen1um and real d.Utere.ncea m.ay be preeent. 1n 
tbe1r reeiatance to selenium . The result• ot t-estinS 12 raeea ,  five wU.4 
and seven. mutant, indicated that difference a 1n reproduet1 ve pertormanc• 
and resistance were the re aul.t of individual 41fterene·ea rather than ot 
the morpholoaical characters which identity the varioue races te et.ed. A 
low poai ti ve correlation was found betw en reprodue�i ve f"i tness and 
retiatance . 
'lhe reault1 of the atudlea coneemed with tbe 1Dtlueoce ef eex 
indicated that both sexes are e4.ually resiatant and that they contribute 
an eq,ual amount of resietanoe to the progeny , '!he re -.u.te of �i� 
tha rat.1o of male to female offspri ng produeed in tbe experiments, matins, 
up th1• study re vealed no s1gn1t1ca.nt treatment ditterencea,  howe ver , 
there were indications that race ditterence e were present . A comparison 
of the performance o� reeiproeal matinga 'betw en reeietant and susoept1• 
ble tock• indicated that both parents oontri'bute equally to the retlat• 
uce ot tbeir progeny. The performance of tbeae reciprocal •tin&• 
indicated that hybrid vigor is preHnt tor reaiatance . lvidence obtained 
from a aerie s ot matings in which 11 comb1natl t of resistant and suscep• 
tible t male and male parent from non•aelenized and. ·eelenieed atoeka 
indicated th t aelenium impaired the reprod. ct performance or the temale 
to greater extent than that of tbe male pare t. '!he females from the 
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ree1stant stocks were affected to a lesser degre.e than those from auacep• 
t1ble atooke. 
'the estimates of the b rita'b111ty of r, productive t1t.n••• in the 
narrow and broad aenae were h1ghe:r tban the estLmatea ot ne11tance 111 
the broad aenae . The eetillatea ot reproduo ti ve t1 tneas in the narrow 
senae baed upon •tema.l and pattrnal balt•&ib correlat,iona and tull•flib 
correlations w re 0 . 38, o .,o, and o.4-3, reapeetl-vel.y. The eatiaatea Gt 
the heritability Qt reprodw:st1ve fitneas in the bread ,enae were as 
followa : t1rat generation, o.49 l 0 .10 tor the O and 1, P •P •• • tr tmenta; 
second generation, 0 . 20  l Q . 47 for the O P •P••·  treatment a.nd 0 ,70 l 0.64 
tor the l.S p .p .m . treatment. . lbe estimate tor t,be two gen•rationa com• 
blned -. 0.06 £ 0 . 24 tor the O p.p .m. treatment �  0 .67 i_ o .82 tor the 
15 p .p .m . treatment .  The e atlmatea of the heritability ef rea1atao.ce 
ver · as tollove : 0 .25 t 0 . 50 tor the t1ret generation, 0 .04 t Q.24 for 
the seeoao. generatioa an4 0.05 l 0- . 24 tor the two generation .. eomb1Ped • 
..,;. 
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